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In the formula (1), R” is a perfluoropolyether chain. R* and
R* are divalent linkage groups having a polar group, and
may be the same or different. R' and R” are terminal groups
bonded to R* or R*, which may be the same or different, and
at least one of R" and R is an organic group having 1 to 8
carbon atoms wherein one or more hydrogen atoms of the
organic group 1s substituted with a cyano group.
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FLUORINE-CONTAINING ETHER
COMPOUND, LUBRICANT FOR MAGNETIC
RECORDING MEDIUM, AND MAGNETIC
RECORDING MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/JP2018/028455, filed Jul. 30, 2018,
claiming priority to Japanese Patent Application No. 2017-

158650, filed Aug. 21, 2017, the contents of all of which are
incorporated herein by reference 1n their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a fluorine-containming
cther compound suitable for use as a lubricant for magnetic
recording media, a lubricant for magnetic recording media
containing the same, and a magnetic recording medium.

Description of Related Art

In recent years, as information processing capacity
increases, various mformation recording technologies have
been developed. In particular, a magnetic recording medium
suitable for high recording density has been developed.

Conventionally, in a magnetic recording medium, a pro-
tective layer and a lubricant layer are provided on the
magnetic recording layer formed on the substrate 1n order to
ensure the durability and reliability of the magnetic record-
ing medium. In particular, various characteristics such as
long-term stability, chemical substance resistance (prevent-
ing contamination such as siloxane) and wear resistance are
required for the lubricant layer used for the outermost
surface.

Conventionally, as a lubricant for a magnetic recording
medium, a perfluoropolyether lubricant having a polar group
such as a hydroxy group at the terminal of a fluorine polymer
having a repeating structure containing CF, has been often
used. (For example, see Patent Documents 1 to 3)

For example, Patent Document 1 discloses a compound in
which a substituent, having a plurality of hydroxy groups
and having a shortest distance of 3 atoms or more between
the hydroxy groups, 1s provided at both terminal portions.
Patent Document 2 discloses a fluoropolyether compound
having an aromatic group at one terminal and a hydroxy
group at the other terminal. Patent Document 3 discloses a
compound having a perfluoropolyether main chain, having
an aromatic group and a hydroxy group at the terminals of
the molecule, wherein the aromatic group and the hydroxy
group are bonded to different carbon atoms.

PATENT DOCUMENT

| Patent Document 1] Japanese Patent No. 4632144
| Patent Document 2] Japanese Patent No. 59909375909837
| Patent Document 3| Japanese Patent No. 5465454

SUMMARY OF THE INVENTION

In recent years, as the information recording density of a
magnetic disk rapidly increases, 1t has been required to
reduce the magnetic spacing between the magnetic head and
the recording layer of the magnetic disk. For this reason, it
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1s necessary to further reduce the thickness of the lubricant
layer existing between the magnetic head and the recording

layer of the magnetic disk. The lubricant used for the
lubricant layer has a great influence on the reliability of the
magnetic disk. Therefore, it 1s necessary to reduce the
thickness of the lubricant layer while ensuring reliability
such as wear resistance which 1s essential for the magnetic
disk.

In addition, the environmental resistance requirements for
magnetic disks have become very stringent due to diversi-
fication of applications of magnetic disks. For this reason, 1t
1s required to improve the wear resistance and chemical
substance resistance of the lubricant layer, which greatly
allects the reliability of the magnetic disk, over those of the
prior art.

However, generally, when the thickness of the lubricant
layer 1s reduced, the coverage 1s reduced, and the chemaical
substance resistance and the wear resistance tend to dete-
riorate.

Conventionally, the presence of polar groups such as
hydroxy groups in the molecules of the lubricant provides
good adhesion properties of the lubricant to the protective
layer. Therefore, a perfluoropolyether lubricant having a
plurality of hydroxy groups 1n the molecule has been prei-
erably used.

However, even 11 the lubricant molecules have a plurality
of polar groups such as hydroxy groups, the adhesion
(adhesive strength) of the lubricant to the protective layer
cannot be sufliciently enhanced unless the polar groups are
cllectively involved 1n bonding with the active point on the
protective layer when the lubricant molecules are deposited
on the protective layer.

A lubricant having low (1nadequate) adhesion to a pro-
tective layer 1s bulky, and 1t 1s diflicult to obtain a lubricant
layer having a uniform film thickness with good coverage.
For this reason, unless the film thickness 1s made relatively
thick, the wear resistance and chemical substance resistance
deteriorate, resulting 1n a problem that magnetic spacing
cannot be reduced.

Also, 1f there are many polar groups in the lubricant
molecules that are not mvolved in the bonding with the
active points on the protective film, contaminations are
attracted or pickup, 1 which the lubricant adheres to the
magnetic head as foreign substance (smear), tends to occur.

The present invention has been made 1n view of the above
circumstances, and an object of the present invention 1s to
provide a fluorine-containing ether compound capable of
forming a lubricant layer having excellent chemical sub-
stance resistance and wear resistance even when the thick-
ness 1s small, which can be suitably used as a matenial for a
lubricant for a magnetic recording medium.

Another object of the present invention i1s to provide a
lubricant for magnetic recording medium containing the
fluorine-containing ether compound of the present mmven-
tion.

Another object of the present mvention 1s to provide a
magnetic recording medium having a lubricant layer con-

taining the fluorine-containing ether compound of the pres-
ent 1nvention.

Means for Solving the Problems

The present inventors have conducted extensive research
to solve the above problems.

As a result, the present inventors have found that a
fluorine-containing ether compound can be used, 1n which a
divalent linkage group having a polar group 1s linked to both
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terminals of a pertluoropolyether chain, and a terminal
group, which 1s an organic group having 1 to 8 carbon atoms
and at least one of hydrogen atoms of the organic group 1s
substituted with a cyano group, 1s bonded to at least one of
the linkage groups.

That 1s, the present mvention relates to the following
matters.

[1] A fluorine-containing ether compound represented by
the following formula (1),
R!_R2_CH, R4_RS

R* CH, (1)

wherein in the formula (1), R’ is a perfluoropolyether
chain; R* and R* are divalent linkage groups having a polar
group and may be the same or different; R' and R> are
terminal groups bonded to R* or R* and may be the same or
different; and at least one of R' and R” is an organic group
having 1 to 8 carbon atoms wherein one or more hydrogen
atoms of the organic group 1s substituted with a cyano group.

[2] The tfluornine-containing ether compound according to
[ 1], wherein the organic group 1s a phenyl group or an alkyl
group having 1 to 5 carbon atoms.

[3] The fluorine-containing ether compound according to
[1] or [2], wherein the polar group 1s a hydroxy group.

[4] The fluorine-containing ether compound according to
any one of [1] to [3], wherein R* and R* in the formula (1)
are represented by the following formula (2-1),

(X

wherein 1n the formula (2-1), a represents an 1integer of 1
to 3, X represents an oxygen atom or CH,, and two X may
be the same or different.

[5] The fluorine-containing ether compound according to
[4], wherein a 1n the formula (2-1) 1s 1 or 2, and each X 1s
an oxygen atom.

[6] The fluorine-containing ether compound according to
any one of [1] to [5], wherein R® in the formula (1) is any
one of the following formulas (3) to (5),

(2-1)

CH,CH(OH)CH,),—X

—CF>,O0—(CF>CF50) —(CF50) —CF>— (3)

wherein ¢ and d 1n the formula (3) represent an average
degree of polymerization and each represents 0 to 20, and ¢
or d 1s 0.1 or more;

—CF(CF3)—(OCF(CF;)CF,) —OCF(CF3)— (4)

wherein 1n formula (4), e represents an average degree of
polymerization and represents 0.1 to 20; and

(3)

wherein 1n the formula (35), T represents an average degree
of polymerization and represents 0.1 to 20.

['7] The fluorine-containing ether compound according to
any one of [1] to [6], wherein R and R” in the formula (1)
are the same, and R* and R* are the same.

[8] The tluorine-containing ether compound according to
[7], wherein R and R” in the formula (1) are alkyl groups
having 1 to 5 carbon atoms wherein the alkyl groups are
substituted with at least one cyano group.

[9] The fluorine-containing ether compound according to
any one of [1] to [6], wherein R' and R> in the formula (1)
are different, and one of R' and R is a phenyl group
substituted with at least one cyano group or an alkyl group
having 1 to 5 carbon atoms substituted with at least one
cyano group, and the other of R' and R” is an organic group
having at least one selected from the group consisting of an
aromatic ring, a heterocyclic ring, an alkenyl group, an
alkynyl group and a hydroxy group.

—CF,CF,—(OCF,CF,CF5) —OCF,CF,—
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[10] The fluorine-containing ether compound according
to any one of [1] to [9], wherein the number average
molecular weight 1s in the range of 500 to 10,000.

[11] A lubricant for magnetic recording media, compris-
ing the fluorine-containing ether compound according to any
one of [1] to [10].

[12] A magnetic recording medium in which at least a
magnetic layer, a protective layer, and a lubricant layer are
sequentially provided on a substrate, wherein the lubricant
layer contains the fluorine-containing ether compound
according to any one of [1] to [10].

[13] The magnetic recording medium according to [12].
wherein an average film thickness of the lubricant layer 1s
0.5 nm to 2 nm.

The fluorine-containing ether compound of the present
invention 1s suitable to be used as a maternal for a lubricant
for magnetic recording media. Since the lubricant for mag-
netic recording media of the present invention contains the
fluorine-containing ether compound of the present mmven-
tion, a lubricant layer having excellent chemical substance
resistance and wear resistance can be formed even if the
thickness 1s small.

Since the magnetic recording medium of the present
invention has a lubricant layer having excellent chemaical

substance resistance and wear resistance, 1t 1s excellent 1n
reliability and durability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view showing an
embodiment of a magnetic recording medium of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Hereinatter, the fluorine-containing ether compound, the
lubricant for magnetic recording media (hereinaiter some-
times referred to as “lubricant”) and the magnetic recording
medium of the present mvention will be described 1n detail.
This invention 1s not limited only to embodiments shown
below.

| Fluorine-Containing Ether Compound]

The fluorine-containing ether compound of this embodi-
ment 1s represented by the following formula (1).

R'R*CH,—R’—CH,—R*R (1)

In the formula (1), R’ is a perfluoropolyether chain; R’
and R* are divalent linkage groups having a polar group and
may be the same or different; R' and R” are terminal groups
bonded to R or R* and may be the same or different; and at
least one of R' and R is an organic group having 1 to 8
carbon atoms wherein one or more hydrogen atoms of the
organic group 1s substituted with a cyano group.

In the fluorine-containing ether compound of the present
embodiment represented by the above formula (1), R' and
R> are terminal groups bonded to R* and R* respectively and
may be the same or different. The organic group forming the
terminal group may contain an oxygen atom, a sulfur atom,
a nitrogen atom, or the like.

At least one of R and R is a group in which one or more
hydrogen atoms of an organic group having 1 to 8 carbon
atoms are substituted with a cyano group (—CN) (herein-
alter referred to as “a cyano group-substituted organic
group’’).

In the fluorinated ether compound of this embodiment, the
cyano group (—CN) in R" and the polar group in R*, and/or
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the cyano group in R and the polar group in R* show good
interaction with the protective layer 1n the lubricant layer
contaiming the fluorinated ether compound.

In the cyano group-substituted organic group, the carbon
forming the cyano group 1s difhicult to rotate freely because
it has an SP hybrid orbital. Therefore, the mntramolecular
interaction (atflimity) of the cyano group in the fluorine-
containing ether compound 1s relatively low. Therefore, it 1s
presumed that each of the cyano group-substituted organic
group of at least one of R and R” and the polar group (for
example, a hydroxy group) of R® or R* independently
interacts with a large number of functional groups on the
surface of the protective layer, and as a result, athinity with
the protective layer increases.

In contrast, for example, regarding a conventional tluo-
rine-containing ether compound having an organic group
substituted with a hydroxy group instead of the cyano
group-substituted organic group 1n the present embodiment,
alhinity with the protective layer 1s weak, as compared with
the fluorine-containing ether compound of the present
embodiment. It 1s presumed that this 1s because the degree
of freedom of rotation of the hydroxy group 1s higher than
that of the cyano group, and the organic group substituted
with the hydroxy group and the polar group (for example,
hydroxy group) of R* or R* are likely to interact with each
other.

In the fluorine-containing ether compound of the present
embodiment, the type of the cvano group-substituted
organic group can be appropnately selected according to the
performance required for the lubricant containing the fluo-
rine-containing ether compound.

The number of cyano groups (—CN) 1n the cyano group-
substituted organic group at at least one of R' and R> is not
particularly limited, and may be one or two or more. When
the number of cyano groups (—CN) 1s 3 or more, the
polarity of the fluorine-containing ether compound becomes
too high, and there 1s a possibility that pickup, 1n which the
fluorine-containing ether compound adheres to the magnetic
head as foreign substance (smear), may occur. It 1s prefer-
able that the number of the cyano groups (—CN) 1s 2 or less,
because pickup can be prevented.

The number of carbon atoms of the organic group 1n the
cyano group-substituted organic group 1s 1 to 8. When the
number of carbon atoms 1s 1 to 8, the athnity between the
lubricant layer containing the fluorinated ether compound
and the protective layer 1s further improved.

As the cyano group-substituted organic group, the organic
group having 1 to 8 carbon atoms i1s preferably a phenyl
group or an alkyl group having 1 to 5 carbon atoms. When
it 1s a phenyl group, excellent wear resistance 1s obtained.
When it 1s an alkyl group having 1 to 5 carbon atoms, steric
hindrance 1s suppressed, and an eflect of large afhinity
between the protective layer and the cyano group can thus be
obtained.

Examples of the cyano group-substituted organic groups
include organic groups substituted with cyano groups rep-
resented by any one of the formulas (6-1) to (12). Among
these organic groups substituted with the cyano groups, from
the viewpoint of good athinity with the protective layer of the
magnetic recording medium, cyano group-substituted
organic groups represented by the formulas (6-1) to (6-4),
(7), (10), and (11) are preferable. From the viewpoint of
achieving both excellent wear resistance and good aflinity
with the protective layer, cyano group-substituted organic
groups represented by the formulas (9-1) to (9-5) are pret-
erable. The dotted line 1n any one of the formulas (6-1) to
(12) is a bond bonded to R* or R*.
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|Chemuical Formulal |

(6-1)

/ (6-2)
NM'H
/ (6-3)
NN\/“H
(6-4)
N
(7)
1
S .
N/ ™ -
(8)
O
/\)IH
N “s
(9-1)
‘/\ PN
\/"n__‘
(9-2)
N
=
B
\/"u__‘
(9-3)
l
k‘ Q
(9-4)
A
N%
(9-5)
N

(10)

(11)
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-continued
(12)

When only one terminal group of R' and R (for example,
R>) is a cyano group-substituted organic group, the other
terminal group (for example, R) that 1s not a cyano group-
substituted organic group i1s not particularly limited. The
other terminal group 1s preferably an organic group having
at least one double bond or triple bond, and examples thereof
include a group containing an aromatic ring, a group con-
taining a heterocyclic ring, a group containing an alkenyl
group, and a group containing an alkynyl group. Alterna-
tively, the other terminal group 1s preferably an alkyl group
having 1 to 8 carbon atoms and the alkyl group may have a
substituent.

Specifically, the other terminal group may be a phenyl
group, a methoxyphenyl group, a fluorinated phenyl group,
a naphthyl group, a phenethyl group, a methoxyphenethyl
group, a fluorinated phenethyl group, a benzyl group, a
methoxybenzyl group, a naphthylmethyl group, a
methoxynaphthyl group, a pyrrolyl group, a pyrazolyl
group, a methylpyrazolylmethyl group, an imidazolyl group,
a furyl group, a furfuryl group, an oxazolyl group, an
1soxazolyl group, a thienyl group, a thienylethyl group, a
thiazolyl group, a methylthiazolylethyl group, an 1sothiaz-
olyl group, a pyridyl group, a pyrimidinyl group, a pyridazi-
nyl group, a pyrazinyl group, an indolinyl group, a benzo-
turanyl group, a benzothienyl group, a benzoimidazolyl
group, a benzoxazolyl group, a benzothiazolyl group, a
benzopyrazolyl group, a benzoisoxazolyl group, a benzo-
1sothiazolyl group, a quinolyl group, an 1soquinolyl group, a
quinazolinyl group, a quinoxalinyl group, a phthalazinyl
group, a cinnolinyl group, a vinyl group, an allyl group, a
butenyl group, a propynyl group, a propargyl group, a
butynyl group, a methylbutynyl group, a pentynyl group, a
methylpentynyl group, a hexynyl group, a methyl group, an
cthyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, an octyl, a trifluoromethyl group, a pertluo-
roethyl group, a perfluoropropyl group, a pertluorobutyl
group, a perfluoropentyl group, a pertluorohexyl group, an
octafluoropentyl group, or a tridecatluorooctyl group.

Among the above groups, 1t 1s preferable that the other
terminal group 1s a phenyl group, a methoxyphenyl group, a
thienylethyl group, a butenyl group, an allyl group, a prop-
argyl group, a phenethyl group, a methoxyphenethyl group,
or a fluorinated phenethyl group. It 1s more preferable that
the other terminal group i1s a phenyl group, a thienylethyl
group, or an allyl group. In this case, the obtained fluorine-
containing ether compound can form a lubricant layer hav-
ing better wear resistance.

The other terminal group may have a substituent such as

an alkyl group, an alkoxy group, a hydroxy group, a mer-
capto group, a carboxy group, a carbonyl group, or an amino
group.

When only one terminal group of R' and R” (for example,
R>) is a cyano group-substituted organic group, it is prefer-
able that the other terminal group (for example, R') that is
not a cyano group-substituted organic group 1s an organic
group having at least one polar group. For example, the
terminal group having a hydroxy group represented by the
formula (13) may be used.
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|Chemical Formula 2|

H‘"/H\OH

p

(13)

In the formula (13), p represents an 1teger of 0 to 5.
When the other terminal group 1s a terminal group having,

one hydroxy group represented by the formula (13), the
allinity between the lubricant layer containing the fluorine-

containing ether compound and the protective layer 1s fur-

ther improved, which 1s preferable.

In the formula (13), p represents an integer of 0 to 5, and
preferably p represents an integer of 0 to 2. It 1s preferable
that p 1s 5 or less because the surface free energy of the
whole molecule does not become too high due to the low
proportion of fluorine atoms 1n the molecule.

That is, when R' and R> in the formula (1) are different
and only one terminal group of R' and R> is a cyano
group-substituted organic group, it 1s more preferable that
one of R" and R” is a phenyl group substituted with at least
one or more cyano groups or an alkyl group having 1 to 5
carbon atoms substituted with one or more cyano groups;
and the other of R' and R” is an organic group having at least
one selected from the group of an aromatic ring, a hetero-
cyclic ring, an alkenyl group, an alkynyl group or a hydroxy
group.

R* and R* in the formula (1) are divalent linkage groups
having a polar group. R* and R* may be the same or
different. Since R and R” in the formula (1) have a polar
group, when the lubricant layer 1s formed on the protective
layer using the lubricant containing the fluorine-containing

cther compound of this embodiment, a suitable interaction
between the lubricant layer and the protective layer occurs.
The divalent linkage group having a polar group can be
appropriately selected according to the performance
required for the lubricant containing the fluorine-containing
cther compound.

Examples of the polar group of the divalent linkage group
having a polar group include a hydroxy group (—OH), an
amino group (—NH,), a carboxy group (—COOH), a
formyl group (—COH), a carbonyl group (—CO—), a
sulfonic acid group (—SO,H) and the like. Of these, the
polar group 1s particularly preferably a hydroxy group. The
hydroxy group interacts strongly with a protective layer,
particularly a protective layer formed of a carbon-based
material. Therefore, when the polar group 1s a hydroxy
group, the lubricant layer containing the fluorine-containing
cther compound has high adhesion to the protective layer.

R? and R* in the formula (1) are preferably the following

formula (2-1).

(X—CH,CH(OH)CH,),—X (2-1)

In the formula (2-1), a 1s an integer of 1 to 3, and X
represents 0 (oxygen atom) or CH,.)

When 1n the formula (2-1), a 1s 1 or more, the 1nteraction
between the polar groups of R* and R* and the protective
layer becomes even stronger. As a result, by using the
fluorine-containing ether compound, 1t 1s possible to obtain
a lubricant layer having higher adhesion to the protective
layer. Further, when the above a 1s 3 or less, 1t 1s possible to
prevent pickup, 1n which the fluorine-containing ether com-
pound adheres to the magnetic head as a foreign substance
(smear) due to high polarity of the fluorine-containing ether
compound. In the formula (2-1), a 1s preferably 1 or 2.
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The two X 1n the formula (2-1) may be the same or
different.

Of the two X 1n formula (2-1), at least one 1s preferably

an oxygen atom, and more preferably both are oxygen
atoms.

When at least one of the two X 1n the formula (2-1) 1s an
oxygen atom, the interaction between the polar group and
the protective layer becomes stronger as compared to the
case where the two X are both CH,.

In the fluorine-containing ether compound represented by
the formula (1), when R* and R* are represented by the
above formula (2-1), a chain-bonded carbon atom (or chain-
bonded carbon atom and an oxygen atom) 1s arranged
between the cyano group of R' and/or R” and a carbon atom
to which the polar group of R* and R* are bonded. Therefore,
for example, as compared with the case where the cyano
group of R and/or R” and the polar group of R* and R* are
bonded to the same carbon (—C (polar group) —CN), the
interaction between the cyano group and the polar group 1s
weak. On the other hand, the interaction between both the
cyano group and the polar group and a large number of
functional groups present on the surface of the protective
layer 1s relatively strong compared to the case where the
cyano group and the polar group are bonded to the same
carbon. As a result, the athnity between the lubricant layer
and the protective layer increases when the lubricant layer 1s
tormed on the protective layer using the lubricant containing
the fluorine-containing ether compound.

Therefore, when R” and R* are represented by the above
formula (2-1), the lubricant layer formed using the lubricant
containing the fluorine-containing ether compound has bet-
ter chemical resistance and wear resistance. From the view-
point of the athnity between the lubricant layer and the
protective layer, the total number of chain-bonded carbon
atoms and oxygen atoms present between the carbon to
which a polar group is bonded in R* and/or R*, which is
bonded to a cyano group-substituted organic group of R’
and/or R, and the cyano group is preferably 2 to 4.

R> in the formula (1) is a perfluoropolyether chain (here-
iafter sometimes abbreviated as “PFPE chain™). In the
lubricant layer containing the fluorine-containing ether com-
pound of this embodiment, the PFPE chain covers the
surface of the protective layer and reduces the frictional
force between the magnetic head and the protective layer.
The PFPE chain can be appropriately selected according to
the performance required for the lubricant containing the
fluorine-containing ether compound.

Examples of the PFPE chain include a perfluoromethyl-
ene oxide polymer, a perfluoroethylene oxide polymer, a
pertluoro-n-propylene oxide polymer, a perfluoroisopropyl-
ene oxide polymer, and a copolymer thereof.

Specifically, R” in the formula (1) is preferably any one of
the following formulas (3) to (5). When R” is any one of the
tformulas (3) to (35), a fluorine-containing ether compound
which may be used for a lubricant layer having good
lubricity can be obtained.

In addition, (CF,CF,O) and (CF,O) which are repeating
units 1n the formula (3) may be bonded 1n a block manner,
or a part or all of them may be bonded at random.

—CF,O0—CF,CF,0) —(CF,0),—CF,— (3)

In the formula (3), ¢ and d represent the average degree
of polymerization and each represents 0 to 20, and c or d 1s
0.1 or more.

—CF(CF3)—(OCF(CF;)CF,) —OCF(CF3)— (4)
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In the formula (4), e represents the average degree of
polymerization and represents 0.1 to 20.

(3)

In the formula (3), f represents the average degree of
polymerization and represents 0.1 to 20.

In the formulas (4) to (3), e and 1 are each 0.1 to 20 (or
in the formula (3), ¢ and d are each 0 to 20 and ¢ or d 15 0.1
or more). Thus, a fluorine-containing ether compound which
may be used to produce a lubricant layer having good
lubricity can be obtained. However, when ¢, d, e, and 1
exceed 20, the viscosity of the fluorine-containing ether
compound increases, and it may be difficult to apply a
lubricant containing the compound. Therefore, ¢, d, e, and T
are preferably 20 or less.

In the fluorine-containing ether compound represented by
the formula (1), R" and R> may be the same or different. R
and R> are preferably the same in view of ease of production.

In the fluorine-containing ether compound represented by
the formula (1), R* and R* may be the same or different. R”
and R* are preferably the same in view of ease of production.

Therefore, it is preferable that R and R> of the fluorine-
containing ether compound represented by the formula (1)
are the same and that R* and R* of the fluorine-containing
ether compound represented by the formula (1) are the same
in view of ease of production. When R' and R” are the same,
and R* and R* are the same, it is more preferable that R and
R” are alkyl groups having 1 to 5 carbon atoms, which is
substituted with at least one cyano group in view of improv-
ing adhesion between the lubricant layer and the protective
layer.

Specifically, the fluorine-contaiming ether compound rep-
resented by the formula (1) 1s preferably any one of com-
pounds represented by the following formulas (A) to (R) and
(V) to (AR). Note that the repetition numbers m and n in the
formulas (A) to (R) and (V) to (AR) are values indicating
average values, and are not necessarily integers.

In the compounds represented by formulas (A) to (G), R*
and R> are each one of cyano group-substituted organic
groups represented by formulas (6) to (12); R* and R* are
cach represented by the formula (2-1) n which a1s 1 and X
is O (oxygen atom); R and R> are the same and R* and R*
are the same; and R is represented by the formula (3).

In the compounds represented by formulas (H) to (J) and
(L) to (O), R' and R’ are different, R’ is one of cyano
group-substituted organic groups represented by formulas
(6) to (10), R' is one of a phenyl group, a thienylethyl group,
and an allyl group; R* and R* are the same, and R* and R*
are each represented by the formula (2-1) in which a1s 1 and
X is O (oxygen atom); and R” is represented by the formula
(3).

In the compound represented by the formula (K), R' and
R> are different; R” is a cyano group-substituted organic
group represented by the formula (6), R' is an allyl group;
R* and R* are different, R* is represented by the formula
(2-1) in which a is 2 and X is O, and R* is represented by the

formula (2-1) in which a is 1 and X is O; and R” is formula
(3).

In the compound represented by the formula (P), R' and
R> are different, R> is a cyano group-substituted organic
group represented by the formula (6), and R' is a cyano
group-substituted organic group represented by the formula
(12); R* and R* are the same, R* is represented by the
formula (2-1) in which a is 1 and X is O; and R’ is formula
(3).

In the compound represented by the formula (Q), R' and
R> are different, R> is represented by the formula (13) in

—CF,CF,—(OCF,CF,CF,) —OCF,CF,—




US 11,639,330 B2

11

which p 1s 1, and R 1s a cyano group-substituted organic
group represented by the formula (12); R* and R* are the
same, R” is represented by the formula (2-1) in which a is 1
and X 1s O; and R’ is formula (3).

In the compound represented by the formula (R), R' and
R> are different, R” is a cyano group-substituted organic
group represented by the formula (6), and R' is an allyl
group; R* and R* are different, R is represented by the
formula (2-1) in which a is 2 and X is O, and R* is
represented by the formula (2-1), in which a1s 1 and X 1s O;
and R° is represented by the formula (5).

In the compound represented by the formula (V), R' and
R> are each a cyano group-substituted organic group repre-
sented by the formula (6-2); and R* and R* are each repre-
sented by the formula (2-1) in which a 1s 1 and X 1s O
(oxygen atom); R' and R” are the same and R* and R* are the
same; and R° is represented by the formula (3).

In the compound represented by the formula (W), R' and
R> are different, R” is represented by the formula (13) in
which p is 1, and R' is a cyano group-substituted organic
group represented by the formula (6-2); R* and R* are the
same, R~ is represented by the formula (2-1) in which a is 1
and X is O; and R” is represented by the formula (3).

In the compound represented by the formula (Y), R" and
R> are different, R> is an organic group represented by the
formula (13) in which p is 1 and R' is a cyano group-
substituted organic group represented by the formula (6-2);
R* and R* are different, R* is represented by the formula
(2-1) in which a is 1 and X is O, and R* is represented by the
formula (2-1) in which a is 2 and X is O; and R’ is
represented by the formula (3).

In the compound represented by the formula (Z), R" and
R are different, R is a cyano group-substituted organic
group represented by (6-2), and R" is an allyl group; R” and
R* are different, R* is represented by the formula (2-1) in
which ais 2 and X is O, and R* is represented by the formula
(2-1) in which a is 1 and X is O; and R” is represented by
the formula (3).

In the compound represented by the formula (AA), R" and
R are different, R is a cyano group-substituted organic
group represented by the formula (6-2), and R is a thieny-
lethyl group; R* and R* are different, R* is represented by the
formula (2-1) in which a is 2 and X is O, and R* is
represented by the formula (2-1) in which a1s 1 and X 1s O;
and R” is formula (3).

In the compound represented by the formula (AB), R* and
R> are each a cyano group-substituted organic group repre-
sented by the formula (6-2), and R* and R” are each repre-
sented by the formula (2-1) in which a 1s 2 and X 15 O
(oxygen atom); and R is represented by the formula (3).

In the compound represented by the formula (AC), R' and
R” are different, R> is represented by the formula (13) in
which p is 1 and R' is a cyano group-substituted organic
group represented by the formula (6-2); R* and R* are
different, R” is represented by the formula (2-1) in which a
is 2 and X is O, and R* is represented by the formula (2-1)
in which a is 1 and X is O; and R’ is represented by the
formula (3).

In the compound represented by the formula (AD), R' and
R> are different, R’ is an organic group represented by the
formula (13) in which p is 1 and R' is a cyano group-
substituted organic group represented by the formula (6-2);
R? and R* are each represented by the formula (2-1) in which
a is 2 and X is O (oxygen atom); and R is represented by
the formula (3).

In the compound represented by the formula (AE), R" and
R> are different, R> is a cyano group-substituted organic
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group represented by (6-2), and R" is an allyl group; R* and
R* are each represented by the formula (2-1) in which a is
2 and X is O (oxygen atom); and R’ is represented by the
formula (3).

In the compound represented by the formula (AF), R' and
R> are different, R> is a cyano group-substituted organic
group represented by the formula (6-2), and R' is a thieny-
lethyl group; R* and R* are each represented by the formula
(2-1) in which a is 2 and X is O (oxygen atom); and R is
formula (3).

In the compound represented by the formula (AG), R* and
R” are different, R> is represented by the formula (13) in
which p is 1, and R' is a cyano group-substituted organic
group represented by the formula (6-2); R* and R* are
different, R” is represented by the formula (2-1) in which a
is 2 and X is O, R* is represented by the formula (2-1) in
which a is 1 and two X are each O or CH,; R” is represented
by the formula (3).

In the compound represented by the formula (AH), R* and
R> are different, R is represented by the formula (13) in
which p is 1 and R' is a cyano group-substituted organic
group represented by the formula (9-1); R* and R* are each
represented by the formula (2-1) in whichai1s 1 and X 1s O
(oxygen atom); and R is formula (3).

In the compound represented by the formula (AI), R' and
R” are each a cyano group-substituted organic group repre-
sented by the formula (9-1); R* and R* are each represented
by the formula (2-1) in which a 1s 2 and X 1s O (oxygen
atom); and R> is represented by the formula (3).

In the compounds represented by the formula (Al), the
formula (AK), and the formula (AL), R" and R” are different,
R> is represented by the formula (13) in which p is 1, and R
1s any one of cyano group-substituted organic groups rep-
resented by formulas (9-1) to (9-3); R* and R* are different,
R? is represented by the formula (2-1) in which a is 2 and X
is O, R* is represented by the formula (2-1) in which a is 1
and X is O; and R’ is represented by the formula (3).

In the compound represented by the formula (AM), R’
and R are different, and R> is represented by the formula
(13) in which p is 1 and R' is a cyano group-substituted
organic group represented by the formula (9-2); R* and R*
are each represented by the formula (2-1) 1n which a 1s 2 and
X 1s O (oxygen atom); and R is the formula (3).

In the compound represented by the formula (AN), R" and
R are different, R> is a cyano group-substituted organic
group represented by the formula (6-2), and R' is a cyano
group-substituted organic group represented by the formula
(9-2); R* and R* are different, R* is the formula (2-1) in
which a is 2 and X is O, and R* is the formula (2-1) in which
ais 1 and X is O; and R’ is the formula (3).

In the compound represented by the formula (AO), R* and
R” are different, R” is a cyano group-substituted organic
group represented by the formula (6-2), and R' is a cyano
group-substituted organic group represented by the formula
(9-2); R* and R* are each represented by the formula (2-1)
in which a is 2 and X is O (oxygen atom); and R> is the
formula (3).

In the compound represented by the formula (AP), R" and
R” are each a cyano group-substituted organic group repre-
sented by the formula (6-2); R* and R* are different, R” is the
formula (2-1) in which a is 1 and X is O and R* is the
formula (2-1) in which a is 2 and X is O; and R’ is the
formula (3).

In the compound represented by the formula (AQ), R* and
R> are different, R> is represented by the formula (13) in
which p is 1 and R' is a cyano group-substituted organic
group represented by the formula (9-2); R* and R* are each
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represented by the formula (2-1) in whichai1s 1 and X 1s O group represented by the formula (9-2); R* and R* are each
. 3
(oxygen atom); and R” 1s the formula (5). represented by the formula (2-1) in whichai1s 1 and X 1s O

In the compound represented by the formula (AR), R* and

R> are different, R> is represented by the formula (13) in
which p is 1 and R' is a cyano group-substituted organic which d 1s O.

(oxygen atom); and R” is represented by the formula (3) in

|Chemical Formula 3]

(A)
OH
c c c \)\/
NC O C C C O O
\/\O/\(\O/\%f 1%/’ NG ~No H N N NN
2 2 ”
OH
20
In the formula (A), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemical Formula 4]
(B)
OH
J\ k> P )
O C C C O O CN
F, F i g
OH
35
In the formula (B), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemuical Formula 5
(©)
OH
\/]\ C é J/Fz \)\/
NC O C C C O O
O/Y\OAC/ o o NG N~ \l/\CN
r, I, N "
OH
50
In the formula (C), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemical Formula 6]
(D)

NC

k>
NC O C
0 O/\ C/" C TN 0
k, k,
hi s
OH

/

CN
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In the formula (D), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 7]

(E)

O OH
5 k> I
NC 0 C. Y O
o N T N R of \"/\CN
k> k>
OH O

In the formula (E), m and n represent the average degree
ol polymerization and are each 0.1 to 20.

|Chemical Formula 8]

(F)
CN

/ OH
F, F
XN N N of " ™~
O O C C O H
oA oA
OH

)~

<

CN

In the formula (F), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 9]

CN CN
\‘)\/ \)v C C
O O O C C O
5 C C
> Im \F, I

In the formula (G), m and n represent the average degree >
of polymerization and are each 0.1 to 20.
|Chemical Formula 10]
(H)
N\ Ol
‘ F, F,
N O (sz ‘N )*C\/O NN
XN O/\%/ %/ o o7 CN
2 2

OH

(G)

F

NF
O/\(:E\O/\(g\o
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In the formula (H), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 11]

(]

S

(D)

{"'“}J( )/FZ \)\/\ACN

\/\/\(\/\/

In the formula (I), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|General Formula 12]

(1)

\/\/\(\/\/\(*c/\oa’(/ Oa/\/\)\/\/\CN

In the formula (J), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 13]

OH OH
\/}\/ \)\/ F> F,
O O O C C O
/\/ NN N C_,,O C/\O O/\/CN
F2 i F2 F2
Fl

OH

(K)

40

In the formula (K), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 14|

OH
s Ve o s
O C Nat N
D 0 N TR TN oF CN
) )
fH
OH

In the formula (L), m and n represent the average degree
of polymerization and are each 0.1 to 20.

(L)

|Chemical Formula 15]

(M)

OH
F2 F2 F2 \)\/
O C C C O O
\/\0 07 ¢ e No ~Nof, NS N Nex
) ) .
OH

/

CN
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In the formula (M), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 16]

(N)
OH
F, Fs
N O 22 ‘N )/C\/O\)\/O
\/\O O/\C/ o g of \"/\CN
r, r, /
OH O
In the formula (N), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemical Formula 17]
(O)

OH CN
F, F,
o EZ C ),c o\)\/o
\/\O/\(\O/\C/ NG of ~ ‘ AN
F, E,
OH i P

In the formula (O), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 18]

CN OH
\)\/ \)\/ FZ F2
O O O C C O O CN
2 2
i 1

(P

k>
OH

40
In the formula (P), m and n represent the average degree

of polymerization and are each 0.1 to 20.

Ip;1p
|Chemical Formula 19]

CN OH
\/]\/ \/}\/ c c
O O O C C O
/\/ \/ ~ ~_ O OH
7~ . %z & ~ e /\O O/\/
it 2

Q)

k>
OH

(R)

F> F> F> F»
C C C C CN
\/\O 0 O/\C/ "‘\O \C/ \O \C/\O O/\/
k> k> b
s
OH OH OH
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In the formula (QQ), m and n represent the average degree In the formula (R), m represents the average degree of

ol polymerization and are each 0.1 to 20. polymerization and 1s 0.1 to 20.
|Chemical Formula 20]
(V)
OH
b b
NC O O C C O
N ~~" N ~ . O P
O %2 %/ %/\ 0 5 ON
m 2 2
OH

In the formula (V), m and n represent the average degree

of polymerization and are each 0.1 to 20.
|Chemical Formula 21]
(W)
OH
NC O 0 C. LG O 5 -
AN A A
m \ I b
OH

In the formula (W), m and n represent the average degree

ol polymerization and are each 0.1 to 20.
|Chemical Formula 22|
(Y)

OH
\/]\/ F2 F2
NC O 0 C C 0
Y el AN /\/OH
2 C C 0 0 0
> /m \F, AR
OH OH

In the formula (Y), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 23]

(£)

OH OH
\)\/ \)\/ F, F»
0 0 0 C C 0
Z O s P >0 0 CN
> Im \F, AR

OH
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In the formula (Z), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 24|

(AA)

OH OH
\)\/ \/J\/ c c
g O 0O 0O C C 0O 0O AN
NNt N7 i N 0 CN
\ I o J\R F,

OH

In the formula (AA), m and n represent the average degree
ol polymerization and are each 0.1 to 20.

|Chemical Formula 25]

(AB)

OH OH
\)\/ \/l\/ F2 F2
NC\/\/O O O C C O O /\/\
N0 N7 S N OTe 0 0 CN
k, k, k,
" . OH OH

In the formula (AB), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 26]

OH OH
k> k>
NC\/\/O O O\/C\ C\ /,O /,O P /\/OH
O C C C O O
k, k, k,
g Fl OH

(AC)

In the formula (AC), m and n represent the average degree 40

of polymerization and are each 0.1 to 20.

|Chemical Formula 27|

(AD)

OH OH
NC O\)\/O\)\/O ’ E. o O OH
. N N~ ~0 ~c” o C/"\O O O/\/
k, k, k,
" ! OH OH

In the formula (AD), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 28]

(AE)

OH OH
\)\/ \)\/ F2 F2
O 0 0 C C 0 0 A
PN\ NN ~c” c” e N0 0 0 CN
E, E, E,
" . OH OH
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In the formula (AE), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 29|
(AL)

OH OH
\)\/ \)\/ c C
O O O C C O O AN
S NN Ne” o C/’\O O O ON
‘ o J\E /5
\ OH OH

In the formula (AF), m and n represent the average degree
ol polymerization and are each 0.1 to 20.

|Chemical Formula 30]

(AG)

OH OH
\)\/ \)v c c
NC O O O C C O O OH
\/\/ ~ '*\O \Cf"' C/" j\c/\o/\l/\/\/

35

In the formula (AG), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 31]

(AH)
C

N OH
/l\ \)\/ ¢ ¢
O O C C O O OH
\/ ~o \O \C/" C/ C/\O O/\/
E, E, E,
i 1
/

N O

In the formula (AH), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 32]

CN OH OH
Ao A _o_i_ L&
0O O O C C O O
NN e c” e N0 0O 0O
oA oA oA
" g OH OH CN

(AD)
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In the formula (AI), m and n represent the average degree
of polymerization and are each 0.1 to 20.

|Chemical Formula 33|

(AJ)

CN OH OH

o T e e N ,
X N~ N N e o g 0 N

‘ ) ) )
NF o

In the formula (AJ), m and n represent the average degree 20
ol polymerization and are each 0.1 to 20.
|Chemical Formula 34|

(AK)
CN OH OH
NC 0\)\/0\)\/0 (sz 22 O O OH
NN Ne o ﬁ\c/\o/\l/\o/\/
F, r, r,
Iid] I OH

In the formula (AK), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemical Formula 35]

(AL)
OH OH
0\)\/0\/1\/0 ‘(sz 22 0 0O OH
N NG ~Ne” o a\c/\o/\(\o/\/
F, F, F,
i H OH

NC

In the formula (AL), m and n represent the average degree
of polymerization and are each 0.1 to 20.
|Chemical Formula 36]

(AM)

OH OH
\)\/ \)\/ c c
NC O O O C C O O OH
NN e o C N O O O/\/
k, k k,
§ OH OH
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In the formula (AM), m and n represent the average
degree of polymerization and are each 0.1 to 20.

|Chemical Formula 37|

(AN)

OH OH
\)\/ \)v F2 F2
NC O 0O 0O C . O O AN
N7 N0 o i N O ON
k> k> k>
i) H OH

In the formula (AN), m and n represent the average degree
ol polymerization and are each 0.1 to 20.

|Chemical Formula 38|

(AO)

OH OH
\)\/ \)\/ F2 F2
NC O O O C C O O /\/\
N N0 e T e” )‘c/\o 0 0 CN
F, /\F, /,F,
OH OH

In the formula (AQO), m and n represent the average degree
ol polymerization and are each 0.1 to 20.

|Chemical Formula 39]

(AP)

on
\-)\/ c c
NC O 0O C c 0O O AN
NN N o ~c” c” e N0 O O CN.
k, k, k>
" 5 OH OH

In the formula (AP), m and n represent the average degree >
ol polymerization and are each 0.1 to 20.
|Chemical Formula 40|
(AQ)
OH OH
\/]\/ c c c
NC O O C O C O C O O
xS NN N \.% N NS \/\OH
‘ Fs F> 2 F»
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In the formula (AQ), m represents the average degree of
polymerization and 1s 0.1 to 20.

|Chemical Formula 41 |

NC

F

In the formula (AR), m represents the average degree of
polymerization and 1s 0.1 to 20.

The number average molecular weight (Mn) of the fluo-
rine-containing ether compound represented by the formula

(1) 1s preferably 1n the range of 500 to 10,000, particularly
preferably 1,000 to 5,000. When the number average
molecular weight 1s 500 or more, the lubricant layer con-
taining the fluorine-containing ether compound of the pres-
ent embodiment has excellent heat resistance. The number
average molecular weight of the fluorinated ether compound
1s more preferably 1000 or more. Further, when the number

average molecular weight 1s 10,000 or less, the viscosity of
the fluorine-containing ether compound becomes appropri-
ate, and a thin lubricant layer can be easily formed by
applying a lubricant containing the fluorine-containing ether
compound. The number average molecular weight of the
fluorine-containing ether compound is preferably 5000 or
less because the viscosity of the lubricant using the fluorine-
contaiming ether compound becomes easy to handle.

The number average molecular weight (Mn) of the fluo-
rine-containing ether compound 1s a value measured by
"H-NMR and '"F-NMR by using AVANCE I1I-400 manu-
factured by Bruker BioSpin. Specifically, the number of
repeating units of the PFPE chain are calculated from the
integral value measured by ""F-NMR, and then the number
average molecular weight are calculated. In NMR (nuclear
magnetic resonance) measurement, the sample 1s diluted 1n
deuterated acetone solvent (hexafluorobenzene 1s added as a
reference substance) and 1s used for measurement. The
standard of ""F-NMR chemical shift was set to —164.7 ppm
for the peak of hexafluorobenzene, and the standard of
"H-NMR chemical shift was set to 2.05 ppm for the peak of
acetone.

The fluorine-contaiming ether compound represented by
the formula (1) preferably has a molecular weight dispersity
(ratio (Mw/Mn) of weight average molecular weight (Mw)
and number average molecular weight (Mn)) of 1.3 or less,
by carrying out molecular weight fractionation.

The method of carrying out molecular weight fraction-
ation need not be particularly limited. For example, molecu-
lar weight fractionation may be carried out by silica gel
column chromatography method, gel permeation chroma-
tography (GPC) method, or the like. Molecular weight
fractionation may also be carried out by supercritical extrac-
tion method.

“Production Method”

The method for producing the fluorine-containing ether
compound of the present embodiment 1s not particularly
limited, and the fluorine-containing ether compound can be
produced using a conventionally known production method.
The fluorine-contaiming ether compound of this embodiment
can be produced using the method shown below, for
example.
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(AR)

OH
O\/]\/o ‘(sz sz O OH
Xy N Y, ~c”" o 0" S
I

OH

For example, a method of reacting a perfluoropolyether
compound, having a perfluoropolyether main chain in the
molecule and having hydroxy groups at both terminals, with
a compound 1ncluding an epoxy group at one terminal and
a cyano group-substituted organic group at the other termi-
nal, may be used. Examples of the compound having an
epoxy group at one terminal and a cyano group-substituted
organic group at the other terminal include the compounds
represented by the following formulas (14) to (20), (34),
(40), (45), (47) and (49).

|Chemuical Formula 42|

NNOM
O

Z o<
T

(14)

(15)

(16)

(17)

N
I
2
NZ O/\<(L
(18)
O
N%\)J\O/\G

(19)

(20)

|Chemuical Formula 43

NN
NC (1:)/\<Jj

(34)
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-continued

(40)
NN
NC 0O O
/\<CL
O >
(45)
CN OH
0O
X O\)\/O\/<I 0
P
(47)
OH
0O
NC\‘ N o\)\/o\/ﬂ 5
ya
(49)
OH
\)\/ T N
‘/\/ © O\/<I
s

NC/\/

25

In the fluorine-containing ether compound of the present
embodiment, as shown 1n the above formula (1), a divalent
linkage group having a polar group represented by R* and R*
1s linked to both terminals of the PFPE chain represented by 3,
R>. A cyano group-substituted organic group is bonded to at
least one of them (R' and/or R>). In the lubricant layer
containing the fluorine-containing ether compound of this
embodiment, the PFPE chain covers the surface of the
protective layer and reduces the frictional force between the 35
magnetic head and the protective layer. It 1s possible to
improve atlinity between the lubricant layer containing the
fluorine-containing ether compound of the present embodi-
ment and the protective layer by combination of the R* and
R* arranged at both terminals of the PFPE chain and a cyano
group-substituted organic group bonded to at least one of
them. As a result, when the lubricant layer 1s formed on the
protective layer of the magnetic recording medium using the
lubricant containing the fluorine-containing ether compound
of the present embodiment, a lubricant layer in which high
coverage rate can be obtained even 1f the film thickness 1s
small and which has excellent chemical resistance and wear
resistance can be formed.

[Lubricant for Magnetic Recording Media] 50

The lubricant for magnetic recording medium of this
embodiment contains a fluorine-containing ether compound
represented by the formula (1).

The lubricant of the present embodiment may use one or

more known materials as a lubricant material by mixing 55
them as necessary, as long as the known material does not
impair the characteristics obtained by containing the fluo-
rine-containing ether compound represented by the formula
(1).

Specific examples of known maternials include, for 60
example, FOMBLIN (registered trademark) ZDIAC, FOB-
LIN ZDEAL, FOMBLIN AM-2001 (the above materials are
manufactured by Solvay Solexis), Moresco A20H (manu-
tactured by Moresco) and the like. The known material used
in combination with the lubricant of this embodiment pref- 65
erably has a number average molecular weight of 1000 to

10,000.
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When the lubricant of this embodiment contains materials
other than the fluorine-containing ether compound repre-
sented by formula (1), the amount of the fluorine-containing
cther compound represented by formula (1) 1n the lubricant
of this embodiment 1s preferably 50% by mass or more, and
more preferably 70% by mass or more.

Since the lubricant of this embodiment contains the
fluorine-containing ether compound represented by the for-
mula (1), the surface of the protective layer can be coated
with a high coverage rate even when the thickness 1s
reduced. As a result, a lubricant layer having excellent
chemical resistance and wear resistance can be formed.

[ Magnetic Recording Medium]

The magnetic recording medium of the present embodi-
ment 1s obtained by providing at least a magnetic layer, a
protective layer, and a lubricant layer sequentially on a
substrate.

In the magnetic recording medium of the present embodi-
ment, one or more base layers can be provided between the
substrate and the magnetic layer as necessary. Further, an
adhesion layer and/or a soft magnetic layer can be provided
between the base layer and the substrate.

FIG. 1 1s a schematic cross-sectional view showing an
embodiment of the magnetic recording medium of the
present invention.

The magnetic recording medium 10 of this embodiment
has a structure in which an adhesion layer 12, a soft
magnetic layer 13, a first base layer 14, a second base layer
15, a magnetic layer 16, a protective layer 17 and a lubricant
layer 18 are sequentially provided on a substrate 11.

“Substrate”

As the substrate 11, for example, a nonmagnetic substrate
in which a film made of N1P or N1P alloy 1s formed on a base
made of a metal or alloy material such as Al or Al alloy can
be used.

The substrate 11 may use a nonmagnetic substrate made
of a nonmetallic material such as glass, ceramics, silicon,
s1licon carbide, carbon, or resin; or may use a nonmagnetic
substrate obtained by forming a film made of NiP or NiP
alloy on a base made of these nonmetallic materials.

The glass substrate 1s suitable for increasing the recording
density because 1t has rigidity and excellent smoothness.
Examples of the glass substrates include an aluminosilicate
glass substrate, and a chemically strengthened aluminosili-
cate glass substrate, which 1s particularly preferable.

The roughness of the main surface of the substrate 11 1s
preferably ultra-smooth with Rmax of 6 nm or less and Ra

of 0.6 nm or less. Here, the surface roughness Rmax and Ra
are based on the standards of JIS BO601.

“Adhesion Layer”

The adhesion layer 12 prevents the progress of corrosion

of the substrate 11 that occurs when the substrate 11 and the
soit magnetic layer 13 provided on the adhesion layer 12 are
disposed 1n contact with each other.
The material of the adhesion layer 12 may be appropri-
ately selected from, for example, Cr, Cr alloy, 11, T1 alloy,
CrT1, Ni1Al, AlRu alloy and the like. The adhesion layer 12
can be formed by, for example, a sputtering method.

“Soft Magnetic Layer”

The soft magnetic layer 13 preferably has a structure in
which a first soit magnetic film, an intermediate layer made
of a Ru film, and a second soft magnetic film are sequentially
stacked. That 1s, it 1s preferable that the soit magnetic layer
13 has a structure 1n which the soit magnetic films above and
below the intermediate layer are linked by antiferromagnetic
coupling (AFC) by sandwiching the intermediate layer made
of a Ru film between the two soft magnetic films.
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Examples of the material of the first soft magnetic film
and the second soft magnetic film include a CoZrTa alloy
and a CoFe alloy.

It 1s preferable to add any one of Zr, Ta, and Nb to the
CoFe alloy used for the first soit magnetic film and the
second soft magnetic film. This promotes the amorphization
of the first soft magnetic film and the second soft magnetic
film, and as a result, 1t becomes possible to 1mprove the
orientation of the first base layer (seed layer) and reduce the
floating height of the magnetic head.

The soft magnetic layer 13 can be formed by, for example,
a sputtering method.

“First Base Layer”

The first base layer 14 1s a layer for controlling the
orientation and crystal sizes of the second base layer 15 and
the magnetic layer 16 provided on top of the first base layer
14.

Examples of the first base layer 14 include a Cr layer, a
Ta layer, a Ru layer, a CrMo alloy layer, a CoW alloy layer,
a CrW alloy layer, a CrV alloy layer, and a CrTi alloy layer.
The first base layer 14 can be formed by, for example, a
sputtering method.

“Second Base Layer”

The second base layer 15 1s a layer for turning the
magnetic layer 16 to a more favorable orientation. The
second base layer 15 1s preferably a layer made of Ru or a
Ru alloy.

The second base layer 15 may be composed of a single
layer or may be composed of a plurality of layers. When the
second base layer 15 1s composed of a plurality of layers, all
the layers may be formed from the same matenal, or at least
one layer may be formed from a different matenal.

The second base layer 15 can be formed by, for example,
a sputtering method.

“Magnetic Layer”

The magnetic layer 16 1s made of a magnetic film whose
casy magnetization axis 1s oriented perpendicularly or hori-
zontally to the substrate surface. The magnetic layer 16 1s a
layer contaiming Co and Pt, and may be a layer containing
an oxide, Cr, B, Cu, Ta, Zr or the like 1in order to further
improve the SNR characteristics.

Examples of the oxide contained in the magnetic layer 16
include S10,, S10, Cr,O;, CoO, Ta,0;, and T10,.

The magnetic layer 16 may be composed of one layer, or
may be composed of a plurality of magnetic layers made of
materials having different compositions.

For example, when the magnetic layer 16 1s composed of
three layers of a first magnetic layer, a second magnetic
layer, and a third magnetic layer that are stacked 1n order
from the bottom, 1t 1s preferable that the first magnetic layer
has a granular structure that includes a material containing,
Co, Cr, and Pt and further containing an oxide. As the oxide

contained 1n the first magnetic layer, for example, an oxide
of each Cr, S1, Ta, Al, T1, Mg, and Co 1s pretferably used.

Among these, T10,, Cr,O5, S10, or the like can be prefer-
ably used. The first magnetic layer 1s preferably made of a
composite oxide in which two or more types of oxides are
added. Of these, Cr,0,—S10,, Cr,O,—T10,, S10,—T110,
or the like can be pretferably used.

The first magnetic layer may include at least one element
selected from B, Ta, Mo, Cu, Nd, W, Nb, Sm, Tb, Ru, and
Re 1n addition to Co, Cr, Pt, and oxide.

The same material as those used for the first magnetic
layer can be used for the second magnetic layer. The second
magnetic layer preferably has a granular structure.

The third magnetic layer preferably has a non-granular
structure made of a material containing Co, Cr, Pt but
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containing no oxide. The third magnetic layer may contain
one or more elements selected from B, Ta, Mo, Cu, Nd, W,
Nb, Sm, Th, Ru, Re, and Mn 1n addition to Co, Cr, and Pt.

When the magnetic layer 16 1s formed of a plurality of
magnetic layers, 1t 1s preferable to provide a nonmagnetic
layer between adjacent magnetic layers. When the magnetic
layer 16 1s composed of three layers of the first magnetic
layer, the second magnetic layer, and the third magnetic
layer, 1t 1s preferable to provide a nonmagnetic layer
between the first magnetic layer and the second magnetic
layer, and between the second magnetic layer and the third
magnetic layer.

Examples of materials that can be used favorably for the
non-magnetic layers provided between the adjacent mag-
netic layers of the magnetic layer 16 include Ru, a Ru alloy,
a CoCr alloy, and a CoCrX1 alloy (wherein X1 represents
one or more elements selected from among Pt, Ta, Zr, Re,
Ru, Cu, Nb, N1, Mn, Ge, S1, O, N, W, Mo, 11, V and B) and
the like.

It 1s preferable to use an alloy material containing an
oxide, a metal mitride, or a metal carbide for the nonmagnetic
layer provided between the adjacent magnetic layers of the
magnetic layer 16. Specific examples of oxides that may be
used include S10,, Al,O4, Ta, 0., Cr,0,, MgO, Y ,O,;, T10,,
and the like. Examples of metal nitrides that may be used
include AIN, Si1;N,, TaN, CrN, and the like. Examples of
metal carbides that may be used include TaC, BC, SiC, and
the like.

The nonmagnetic layer can be formed by, for example, a
sputtering method.

The magnetic layer 16 1s preferably a magnetic layer for
perpendicular magnetic recording in which the easy mag-
netization axis 1s oriented 1n a direction perpendicular to the
substrate surface 1 order to achieve a higher recording
density. The magnetic layer 16 may be in-plane magnetic
recording.

The magnetic layer 16 may be formed by using any
conventionally known method such as a vapor deposition
method, an 10n beam sputtering method, or a magnetron
sputtering method. The magnetic layer 16 1s usually formed
by a sputtering method.

“Protective Layer”

The protective layer 17 protects the magnetic layer 16.

The protective layer 17 may be composed of one layer or
may be composed of a plurality of layers. As the protective
layer 17, a carbon-based protective layer can be preferably
used, and an amorphous carbon protective layer 1s particu-
larly preferable. It 1s preferable that the protective layer 17
1s a carbon-based protective layer because interaction with a
polar group (particularly a hydroxy group) contained in the
fluorine-containing ether compound 1n the lubricant layer 18
1s Turther increased.
The adhesion between the carbon-based protective layer
and the lubricant layer 18 can be controlled by making the
carbon-based protective layer to contain hydrogenated car-
bon and/or nitrogenated carbon, and then adjusting the
hydrogen content and/or the nitrogen content 1n the carbon-
based protective layer. The hydrogen content in the carbon-
based protective layer 1s preferably 3 to 20 atomic % as
measured by the hydrogen forward scattering method
(HEFS). Further, the nitrogen content in the carbon-based
protective layer 1s preferably 4 to 15 atomic % as measured
by X-ray photoelectron spectroscopy (XPS).

The hydrogen and/or nitrogen contained in the carbon-
based protective layer need not be uniformly contained in
the entire carbon-based protective layer. For example, the
carbon-based protective layer i1s preferably a composition
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gradient layer 1n which nitrogen 1s contained on the lubricant
layer 18 side of the protective layer 17 and hydrogen 1is
contained on the magnetic layer 16 side of the protective
layer 17. In this case, the adhesion between the magnetic
layer 16 and the carbon-based protective layer and the
adhesion between the lubricant layer 18 and the carbon-
based protective layer are further improved.

The film thickness of the protective layer 17 is preferably
1 nm to 7 nm. When the thickness of the protective layer 17
1s 1 nm or more, the performance of the protective layer 17
1s sulliciently obtained. The thickness of the protective layer
17 1s preferably 7 nm or less from the viewpoint of reducing
the thickness of the protective layer 17.

As a method for forming the protective layer 17, a
sputtering method using a target material containing carbon,
a chemical vapor deposition (CVD) method using a hydro-
carbon raw material such as ethylene or toluene, an 1on beam
deposition (IBD) method, or the like can be used.

When a carbon-based protective layer 1s formed as the
protective layer 17, 1t can be formed by, for example, a DC
magnetron sputtering method. In particular, when a carbon-
based protective layer 1s formed as the protective layer 17,
it 1s preferable to form an amorphous carbon protective layer
by plasma CVD. The amorphous carbon protective layer
tformed by the plasma CVD method has a uniform surface
and small roughness.

“Lubricant Layer”

The lubricant layer 18 prevents contamination of the
magnetic recording medium 10. Further, the lubricant layer
18 reduces the frictional force of the magnetic head of the
magnetic recording/reproducing apparatus that slides on the
magnetic recording medium 10, and improves the durability
of the magnetic recording medium 10.

The lubricant layer 18 1s formed on and 1s 1n contact with
the protective layer 17, as shown in FIG. 1. The lubricant
layer 18 includes the above-described fluorine-containing
cther compound.

When the protective layer 17 disposed under the lubricant
layer 18 1s a carbon-based protective layer, the protective
layer 17 1s bonded to the fluorine-containing ether com-
pound contained 1n the lubricant layer 18 with a particularly
high bonding strength. As a result, even when the lubricant
layer 18 1s thin, 1t 1s easy to obtain the magnetic recording
medium 10 1n which the surface of the protective layer 17 1s
coated with a high coverage rate, and contamination of the
surface of the magnetic recording medium 10 can be eflec-
tively prevented.

The average film thickness of the lubricant layer 18 1s
preferably 0.5 nm (5 A) to 2 nm (20 A). When the average
f1lm thickness of the lubricant layer 18 1s 0.5 nm or more, the
lubricant layer 18 1s formed with a uniform film thickness
without forming an island shape or a mesh shape. For this
reason, the surface of the protective layer 17 can be covered
with the lubricant layer 18 at a high coverage rate. Moreover,
by making the average film thickness of the lubricant layer
18 to be 2 nm or less, the lubricant layer 18 can be made
suiliciently thin, and the floating height of the magnetic head
can be sufhiciently reduced.

“Method of Forming Lubricant Layer”

As a method of forming the lubricant layer, for example,
a method of preparing a magnetic recording medium 1n the
middle of production 1n which the layers up to the protective
layer 17 are formed on the substrate 11, applying a solution
for forming a lubricant layer on the protective layer 17, and
then drying the layer, may be used.

The lubricant layer-forming solution can be obtained by
dispersing and dissolving the lubricant for magnetic record-
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ing medium of the above-described embodiment 1n a solvent
as necessary to obtain a viscosity and concentration suitable

for the coating method.

Examples of solvents used in the lubricant layer-forming
solution include tluorinated solvents such as Vertrel (regis-

tered trademark) XF (trade name, manufactured by Mitsui
DuPont Fluorochemical Co., Ltd.).

The method for applying the lubricant layer-forming
solution 1s not particularly limited, and examples thereof
include a spin-coating method, a spray method, a paper
coating method, and a dip method.

When using the dip method, for example, the following
method can be used. First, the substrate 11 on which the
layers up to the protective layer 17 are formed 1s dipped 1n
the lubricant layer-forming solution placed in the dipping
tank of the dip coater. Subsequently, the substrate 11 1s
pulled up from the dipping tank at a predetermined speed.
Thus, the lubricant layer-forming solution 1s applied to the
surface of the protective layer 17 on the substrate 11.

By using the dip method, the lubricant layer-forming
solution can be applied uniformly to the surface of the
protective layer 17, and the lubricant layer 18 can be formed
on the protective layer 17 with a uniform film thickness.

In this embodiment, 1t 1s preferable to heat the substrate
11 on which the lubricant layer 18 1s formed. By performing,
the heat treatment, the adhesion between the lubricant layer
18 and the protective layer 17 1s improved, and the adhesive
strength between the lubricant layer 18 and the protective
layer 17 1s improved.

The heat treatment temperature 1s preferably 100 to 180°
C. When the heat treatment temperature 1s 100° C. or higher,
the effect of improving the adhesion between the lubricant
layer 18 and the protective layer 17 1s sufliciently obtained.
Moreover, thermal decomposition of the lubricant layer 18
can be prevented by setting the heat treatment temperature
to 180° C. or lower. The heat treatment time 1s preferably 10
to 120 minutes.

In this embodiment, in order to further improve the
adhesion of the lubricant layer 18 to the protective layer 17,
the lubricant layer 18 of the substrate 11 before or after the
heat treatment may be subjected to a process of 1rradiating
ultraviolet rays (UV).

The magnetic recording medium 10 of the present
embodiment 1s obtained by sequentially providing at least a
magnetic layer 16, a protective layer 17, and a lubricant
layer 18 on a substrate 11. In the magnetic recording
medium 10 of the present embodiment, the lubricant layer
18 containing the above-mentioned fluorine-containing
cther compound 1s formed on and in contact with the
protective layer 17. The lubricant layer 18 has excellent
chemical substance resistance and wear resistance even
when the thickness 1s small. Therelore, the magnetic record-
ing medium 10 according to the present embodiment is
excellent 1n reliability, and in particular, 1s excellent 1n
suppression of silicon contamination and wear resistance.
Theretfore, the magnetic recording medium 10 of the present
embodiment, which has a low magnetic head floating height
(for example, 10 nm or less), and which has high reliability
that operates stably over a long period of time even 1n a
severe environment due to diversification of applications,
can be obtained. For this reason, the magnetic recording
medium 10 of this embodiment 1s particularly suitable as a
magnetic disk mounted 1n a LUL type magnetic disk device.
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EXAMPLE

Hereinafter, the present invention will be described more
specifically with reference to examples and comparative
examples. In addition, this invention 1s not limited only to
the following examples.

Example 1

By the method shown below, the compound represented
by the above formula (A) (In the formula (A), m indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinaiter, the compound represented by the formula (A) 1s
referred to as Compound (A).

First, 2-cyanoethanol and allyl bromide were reacted in
tetrahydrofuran in the presence of a base to obtain a com-
pound. Subsequently, the obtained compound was oxidized
in dichloromethane using metachloroperbenzoic acid to syn-
thesize a compound represented by the above formula (14).

Next, mm a 200 mL eggplant flask under a nitrogen
atmosphere, 20 g of a fluoropolyether (number average
molecular weight 1000, molecular weight distribution 1.1)
represented by HOCH,CF,O(CF,CF,0), (CF,O)
CF,CH,OH (wherein h indicating an average polymeriza-
tion degree 1s 4.5 and 1 indicating an average polymerization
degree 1s 4.5), 5.59 g of a compound represented by the
above formula (14), and 20 mL of t-butanol were charged
and stirred at room temperature until uniform.

To this homogeneous solution, 0.90 g of potassium tert-
butoxide was added and stirred at 70° C. for 14 hours for
reaction. The obtained reaction product was cooled to 25°
C., neutralized with 1 mol/LL hydrochloric acid, extracted
with Vertrel XF (hereinaiter sometimes abbreviated as “Ver-
trel XF”) manufactured by Mitsu1 DuPont Fluorochemical,
and washed with water. The organic layer was dehydrated
with anhydrous sodium sulfate. After the desiccant was
filtered ofl, the filtrate was concentrated. The residue was
purified by silica gel column chromatography to obtain
Compound (A).

"H-NMR measurement of the obtained Compound (A)
was performed, and the structure was identified from the
tollowing results.

"H-NMR (acetone-D,): & [ppm]=3.40-3.60 (4H), 3.65-
3.85 (8H), 3.85-4.10 (10H)

Example 2

By the method shown below, the compound represented
by the above formula (B) (in the formula (B), m indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (B) 1s
referred to as Compound (B).

A compound represented by the above formula (15) was
synthesized 1n the same manner as Compound (14) except
that lactonitrile was used instead of 2-cyanoethanol.

Then, Compound (B) was obtained in the same manner as
in Example 1, except that 5.59 g of the compound repre-
sented by the above formula (15) was used instead of the
compound represented by the above formula (14) 1n
Example 1.

"H-NMR measurement of the obtained Compound (B)
was performed, and the structure was i1dentified by the
tollowing results.
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"H-NMR (acetone-D,): 8 [ppm]=1.60 (6H), 3.65-3.85
(6H), 3.85-4.10 (10H)

Example 3

By the method shown below, the compound represented
by the above formula (C) (in the formula (C), m indicating
the average degree of polymerization 1s 4.5 and n 1indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinafter, the compound represented by the formula (C) 1s
referred to as Compound (C).

A compound represented by the above formula (16) was

synthesized in the same manner as Compound (14) except
that 3-hydroxybutyronitrile was used instead of 2-cyano-
cthanol.
Then, Compound (C) was obtained 1n the same manner as
in Example 1, except that 6.21 g of the compound repre-
sented by the above formula (16) was used 1nstead of the
compound represented by the above formula (14) 1n
Example 1.

"H-NMR measurement of the obtained Compound (C)
was performed, and the structure was identified by the
following results.

'"H-NMR (acetone-D,): & [ppm]=1.50 (6H), 3.40-3.60
(4H), 3.65-3.85 (6H), 3.85-4.10 (10H)

Example 4

By the method shown below, the compound represented
by the above formula (D) (in the formula (D), m 1indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinafter, the compound represented by the above formula
(D) 1s referred to as Compound (D).

A compound represented by the above formula (17) was

synthesized in the same manner as Compound (14) except
that 3-hydroxyglutaromitrile was used instead of 2-cyano-
cthanol.
Then, Compound (D) was obtained 1n the same manner as
in Example 1, except that 7.31 g of the compound repre-
sented by the above formula (17) was used 1nstead of the
compound represented by the above formula (14) 1n
Example 1.

'H-NMR measurement of the obtained Compound (D)
was performed, and the structure was 1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=3.40-3.60 (8H), 3.65-
3.85 (6H), 3.85-4.10 (10H)

Example 5

By the method shown below, the compound represented
by the above formula (E) (in the formula (E), m indicating
the average degree of polymerization 1s 4.5 and n 1indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the above formula
(E) 1s referred to as Compound (E).

First, the compound represented by the above formula
(18) was synthesized by oxidizing allyl cyanoacetate using
metachloroperbenzoic acid.

Then, Compound (E) was obtained in the same manner as
in Example 1, except that 6.21 g of the compound repre-
sented by the above formula (18) was used 1nstead of the
compound represented by the above formula (14) 1n

Example 1.
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"H-NMR measurement of the obtained Compound (E)
was performed, and the structure was i1dentified by the
tollowing results.

"H-NMR (acetone-D.): & [ppm]=3.40-3.60 (4H), 3.75-
4.10 (10H)

Example 6

By the method shown below, the compound represented
by the above formula (F) (in the formula (F), m indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (F) 1s
referred to as Compound (F).

A compound represented by the above formula (19) was
synthesized 1n the same manner as Compound (14) except
that 2-cyanophenol was used 1n place of 2-cyanoethanol.

Then, Compound (F) was obtained 1n the same manner as
in Example 1, except that 7.71 g of the compound repre-
sented by the above formula (19) was used instead of the
compound represented by the above formula (14) 1n
Example 1.

"H-NMR measurement of the obtained Compound (F)
was performed, and the structure was i1dentified by the
tollowing results.

"H-NMR (acetone-D,): & [ppm]=3.60-3.90 (10H), 4.00-
4.10 (4H), 7.00-7.50 (8H)

Example 7

By the method shown below, the compound represented
by the above formula (G) (in the formula (G), m 1indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the above formula
(G) 1s referred to as Compound (G).

First, a compound represented by the following formula
(26) was synthesized using 1,3-diallyloxy-2-propanol, pyri-
dine, and paratoluenesulionyl chlornide. Subsequently, the
compound represented by the formula (27) was synthesized
using the compound represented by the formula (26), trim-
cthylsilylcyanide and tetra-n-butylammonium fluoride.
Finally, an epoxy compound represented by the formula (20)
was synthesized by oxidizing the compound represented by
the formula (27) using metachloroperbenzoic acid.

|Chemical Formula 44|

\/\O/\[/\O/\/
RN

(26)

(27)

\/\O/\[/\O/\/
CN

Then, Compound (G) was obtained 1n the same manner as
in Example 1, except that 8.68 g of the compound repre-
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sented by the above formula (20) was used instead of the
compound represented by the above formula (14) 1n
Example 1.

"H-NMR measurement of the obtained Compound (G)
was performed, and the structure was 1dentified by the

tollowing results.

'H-NMR (acetone-D,): & [ppm]=3.35~3.65 (12H),
3.65~3.95 (8H), 3.95~4.02 (4H), 4.02~4.15 (4H), 5.05~5.20
(2H), 5.20~5.35 (2H), 5.80~6.00 (2H)

Example 8

By the method shown below, the compound represented
by the above formula (H) (in the formula (H), m indicating
the average degree of polymerization 1s 4.5, and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (H) 1s
referred to as Compound (H).

In a 200 mL eggplant flask under a mitrogen atmosphere,
20 g of a fluoropolyether (number average molecular weight
1000, molecular weight distribution 1.1) represented by
HOCH,CF,O(CF,CF,0), (CF,0)CF,CH,OH (wherein h
indicating an average degree of polymerization 1s 4.5 and 1
indicating an average degree of polymerization 1s 4.5), 1.50
g ol glycidyl phenyl ether, and 10 mL of t-butanol were
charged and stirred at room temperature until uniform.

To this homogeneous solution, 0.90 g of potassium tert-
butoxide was added, and the mixture was reacted at 70° C.
for 8 hours. The obtained reaction product was cooled to 25°
C., neutralized with 0.5 mol/L hydrochloric acid, and then
extracted with Vertrel XF. The organic layer was washed
with water and dehydrated with anhydrous sodium sulfate.
After the desiccant was filtered ofl, the filtrate was concen-
trated, and the residue was purified by silica gel column
chromatography to obtain 7.25 g of a compound represented
by the following formula (21) as an intermediate.

|Chemuical Formula 45]

(21)
O\ /\/\ 0”7 ""'O*fc OHC o)’c

In the formula (21), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.3.

In a 200 mL eggplant flask under a nitrogen gas atmo-
sphere, 5.75 g of the compound represented by the above
formula (21), 0.763 g of the compound represented by the
above formula (14), and 50 mL of t-butanol were charged
and stirred at room temperature until uniform.

To this homogeneous solution, 0.187 g of potassium
tert-butoxide was added, and the mixture was reacted at 70°
C. for 16 hours. The obtained reaction product was cooled
to 25° C., neutralized with 0.1 mol/L hydrochloric acid, and
extracted with Vertrel XF. The organic layer was washed
with water and dehydrated with anhydrous sodium sulfate.
After the desiccant was filtered off, the filtrate was concen-
trated. The residue was purified by silica gel column chro-
matography to obtain 4.75 g of Compound (H).

'"H-NMR measurement of the obtained Compound (H)
was performed, and the structure was 1dentified by the
following results.
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'H-NMR (CD,COCD,): 8 [ppm]=3.40-3.60 (2H), 3.65-
3.85 (9H), 3.85-4.10 (7H), 6.90-7.10 (5H)

Example 9

By the method shown below, the compound represented
by the above formula (I) (in the formula (I), m indicating the
average degree of polymerization 1s 4.5 and n indicating the
average degree of polymerization 1s 4.5) was obtained.
Hereinaiter, the compound represented by the above formula
(I) 1s referred to as Compound (I).

An epoxy compound represented by the formula (28) was
synthesized using thiophene ethanol and epibromohydrin.
4.35 g of Compound (1) was synthesized in the same manner
as 1n Example 8, except that 1.84 g of the epoxy compound
represented by the formula (28) was used instead of the
phenyl glycidyl ether in Example 8 and the compound
represented by the formula (22) was synthesized as an
intermediate.

|Chemical Formula 46|
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In the formula (23), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.3.

"H-NMR measurement of the obtained Compound (J) was
performed, and the structure was identified by the following
results.

'H-NMR (CD,COCD,): & [ppm]=3.40-3.60 (2H), 3.60-
3.85 (9H), 3.85-4.10 (9H), 5.10-5.20 (1H), 5.20-5.30 (1H),
5.80-6.00 (1H)

Example 11

By the method shown below, the compound represented
by the above formula (K) (in the formula (K), m indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (K) 1s
referred to as Compound (K).

(22)

O C C C OH
Q 5 O/\C/ o NG NoT NS
Fs b :
OH "

@/\/O\/Q

In the formula (22), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

'"H-NMR measurement of the obtained Compound (1) was
performed, and the structure was 1dentified from the follow-
ing results.

"H-NMR (CD,COCD,): 8 [ppm]=3.10 (2H), 3.40-3.60
(4H), 3.65-3.85 (9H), 3.85-4.10 (7H), 6.90 (2H), 7.25 (1H)

Example 10

By the method shown below, the compound represented
by the above formula (J) (in the formula (I), m indicating the
average degree of polymenization 1s 4.5, and n indicating the
average degree of polymerization 1s 4.5) was obtained.
Hereinaftter, the compound represented by the formula (J) 1s
referred to as Compound (J).

Then, 4.25 g of Compound (J) was obtained 1n the same
manner as in Example 8, except that 1.14 g of allyl glycidyl
cther was used instead of glycidyl phenyl ether and the

compound represented by formula (23) was synthesized as
an intermediate.

|Chemical Formula 47|

(23)
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(28)

A compound represented by the following formula (30)
was synthesized using diallyl glycidyl ether, 3,4-dihydro-
2H-pyran and p-toluenesulfonic acid. Furthermore, the com-
pound represented by the formula (30) was oxidized using
metachloroperbenzoic acid to synthesize the epoxy com-
pound represented by the formula (31).

|Chemical Formula 48]
(30)

O O
/\/O\)\/O\/\
(31)
™~

In a 200 mL eggplant flask under a nitrogen gas atmo-

sphere, 20 g of a fluoropolyether (number average molecular
weight 1000, molecular weight distribution 1.1) represented
by HOCH,CF,O(CF,CF,0),(CF,0),CF,CH,OH (wherein
h indicating an average polymerization degree 1s 4.5 and 1
indicating an average polymerization degree 1s 4.5), 2.72 g
of the epoxy compound represented by the formula (31), and
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10 mL of t-butanol were charged and stirred at room
temperature until uniform. To this homogeneous solution,
0.900 g of potassium tert-butoxide was further added, and
the mixture was reacted at 70° C. for 8 hours.

The obtamned reaction product was cooled to 25° C.,
extracted with Vertrel XF, the organic layer was washed w1th
water and dehydrated with anhydrous sodium sulfate. After
the desiccant was filtered off, the filtrate was concentrated,
and the residue was purified by silica gel column chroma-

46
"H-NMR (acetone-D,): 8 [ppm]=1.50 (3H), 3.40-3.85
(12H), 3.85-4.10 (7/H), 5.10-5.20 (1H), 5.20-3.30 (1H),
5.80-6.00 (1H)

Example 13

By the method shown below, the compound represented
by the above formula (M) (in the formula (M), m 1ndicating

tography to obtain 8.01 g of a compound represented by the 10 the average degree of polymerization 1s 4.5 and n indicating,

tollowing formula (24).

|Chemical Formula 49

N

NN

the average degree of polymerization 1s 4.5) was obtained.

(24)

O OH
\)\/ \)\/ F2 F2
O O O C C Q O
/\/ ~ \O \%/ %/ }%/\OH
2 V12 12

In the formula (24), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

In a 200 mL eggplant flask under a nitrogen gas atmo-
sphere, 6.49 g of the compound represented by the above
formula (24), 0.763 g of the compound represented by the
above formula (14), and 50 mL of t-butanol were charged
and stirred at room temperature until uniform. To this
homogeneous solution, 0.187 g of potassium tert-butoxide
was added and stirred at 70° C. for 16 hours for reaction.

The obtained reaction product was cooled to 25° C., 20 g
of hydrogen chloride methanol solution was added, and the
mixture was stirred at 25° C. for 16 hours to be reacted.
Then, 1t was neutralized with saturated sodium hydrogen
carbonate aqueous solution, the reaction liquid was
extracted with Vertrel XF, the organic layer was washed with
water, and was dehydrated with anhydrous sodium sulfate.
AT the filtrate was concen-

ter the desiccant was filtered off,
trated. The residue was purified by silica gel column chro-
matography to obtain 4.90 g of Compound (K).

'"H-NMR measurement of the obtained Compound (K)
was performed, and the structure was i1dentified by the
tollowing results.

"H-NMR (CD,COCD.): 8 [ppm]=3.40-3.60 (8H), 3.63-
3.82 (6H), 3.84-3.99 (6H), 3.84-3.99 (5H), 5.09-5.12 (1H),
5.23-5.28 (1H), 5.84-5.93 (1H)

Example 12

By the method shown below, the compound represented
by the above formula (L) (in the formula (L), m indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (L) 1s
referred to as Compound (L).

Then, 4.28 g of Compound (L) was obtained 1n the same
manner as i Example 10, except that 0.763 g of the
compound represented by the above formula (16) was used
instead of the compound represented by the above formula
(14) 1n Example 10.

"H-NMR measurement of the obtained Compound (L)
was performed, and the structure was i1dentified by the
tollowing results.
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Heremnafter, the compound represented by the formula (M)
1s referred to as Compound (M).

Then, 4.31 g of Compound (M) was obtained 1n the same
manner as i Example 10, except that 0.997 g of the
compound represented by the above formula (17) was used
instead of the compound represented by the above formula
(14) in Example 10.

"H-NMR measurement of the obtained Compound (M)
was performed, and the structure was identified by the
following results.

"H-NMR (acetone-D,): 8 [ppm]=3.40-3.60 (4H), 3.60-
4.10 (17H), 5.10-5.20 (1H), 5.20-5.30 (1H), 5.80-6.00 (1H)

Example 14

By the method shown below, the compound represented
by the above formula (N) (in the formula (N), m 1indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinafter, the compound represented by the formula (IN) 1s
referred to as Compound (N).

Then, 4.45 g of Compound (N) was obtained in the same
manner as 1 Example 10, except that 0.847 g of the
compound represented by the above formula (18) was used
instead of the compound represented by the above formula
(14) in Example 10.

'H-NMR measurement of the obtained Compound (N)
was performed, and the structure was identified by the
following results.

"H-NMR (acetone-D,): & [ppm]=3.40-3.60 (2H), 3.60-
4.10 (16H), 5.10-5.20 (1H), 5.20-5.30 (1H), 5.80-6.00 (1H)

Example 15

By the method shown below, the compound represented
by the above formula (O) (in the formula (O), m 1ndicating
the average degree of polymerization 1s 4.5, and n indicating
the average degree of polymerization 1s 4. 5) was obtained.
Hereinafter, the compound represented by the formula (O) 1s
referred to as Compound (O).

Then, 4.58 g of Compound (O) was obtained 1n the same
manner as 1 Example 10, except that 1.05 g of the com-
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pound represented by the above formula (19) was used
instead of the compound represented by the above formula
(14) 1n Example 10.

"H-NMR measurement of the obtained Compound (O)
was performed, and the structure was i1dentified by the
tollowing results.

"H-NMR (acetone-D,): & [ppm]=3.40-3.60 (2H), 3.60-
3.85 (7H), 3.85-4.10 (7H), 5.10-5.20 (1H), 5.20-5.30 (1H),
5.80-6.00 (1H), 6.90-7.40 (4H)

Example 16

By the method shown below, the compound represented
by the above formula (P) (in the formula (P), m indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinaftter, the compound represented by the above formula
(P) 1s referred to as Compound (P).

Then, 4.70 g of Compound (P) was obtained 1n the same
manner as in Example 8, except that 1.18 g of the epoxy
compound represented by the above formula (20) was used
instead of glycidyl phenyl ether and Compound (25) was
synthesized as an intermediate.

|Chemical Formula 50]
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-continued
(33)

\>\/O\/\O °

Then, 4.67 g of Compound (QQ) was obtained 1n the same
manner as 1n Example 16, except that 0.997 g of the epoxy
compound represented by the formula (33) was used instead
of the compound represented by the above formula (14) 1n
Example 16; the obtained reaction product was cooled to 25°
C.; 20 g of a hydrogen chloride methanol solution was
added; the mixture was reacted by stirring at 25° C. for 16
hours; and neutralization was performed with a saturated
aqueous sodium hydrogen carbonate solution.

"H-NMR measurement of the obtained Compound (Q)
was performed, and the structure was 1dentified by the
following results.

'H-NMR (acetone-D,): 8 [ppm]=3.45-3.58 (9H), 3.62-
3.79 (7TH), 3.87-4.00 (SH), 4.06-4.18 (5H), 5.10-3.13 (1H),
5.24-5.28 (1H), 5.85-5.94 (1H)

(25)

CN OH
\)\/ \/}\/ F2 F2
O O O C C O O
/\/ N~ O\ O ~ C e . e C N O
Fa Fa k>
it H

In the formula (25), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

"H-NMR measurement of the obtained Compound (P)
was performed, and the structure was i1dentified by the
tollowing results.

"H-NMR (acetone-D,): 8 [ppm]=3.40-3.60 (8H), 3.63-
3.82 (6H), 3.84-3.99 (6H), 3.84-3.99 (5H), 5.09-5.12 (1H),
5.23-5.28 (1H), 5.84-5.93 (1H)

Example 17

By the method shown below, the compound represented
by the above formula (Q) (in the formula (Q), m 1indicating,
the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (Q) 1s
referred to as Compound (Q).

A compound represented by the following formula (32)
was synthesized using ethylene glycol monoallyl ether,
3,4-dihydro-2H-pyran and p-toluenesulionic acid. Further-
more, the epoxy compound represented by the following
formula (33) was synthesized by oxidizing the compound

represented by the formula (32) using metachloroperbenzo-
icacid.

|Chemical Formula 51
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Example 18

By the method shown below, the compound represented
by the above formula (R) (in the formula (R), m indicating
the average degree of polymerization 1s 4.5) was obtained.
Heremnafter, the compound represented by the formula (R) 1s
referred to as Compound (R).

4. 88 g of Compound (R) was obtained 1n the same manner
as 1 Example 11, except that 20.5 g of fluoropolyether
represented by HOCH,CF,CF,O(CF,CF,CF,O),
CF,CF,CH,OH (wherein h 1s 4.5) was used instead of the
fluoropolyether (number average molecular weight 1000,
molecular weight distribution 1.1) represented by
HOCH,CF,O(CF,CF,0),(CF,0),CF,CH,OH (wherein h
representing the average polymerization degree 1s 4.5 and 1
representing the average polymerization degree 1s 4.5) of
Example 11.

"H-NMR measurement of the obtained Compound (R)
was performed, and the structure was 1dentified by the
following results.

'H-NMR (CD,COCD,): & [ppm]=3.40-3.60 (8H), 3.63-
3.82 (6H), 3.84-3.99 (6H), 3.84-3.99 (5H), 5.09-5.12 (1H),
5.23-5.28 (1H), 5.84-5.93 (1H)

Example 19

By the method shown below, the compound represented
by the above formula (V) (in the formula (V), m indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinafter, the compound represented by the formula (V) 1s
referred to as Compound (V).

A compound represented by the above formula (34) was
synthesized in the same manner as Compound (14) except
that 3-cyanopropanol was used instead of 2-cyanoethanol.
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Then, Compound (V) was obtained 1n the same manner as hydrogen carbonate solution, and extracted with Vertrel XF.
in Example 1, except that 6.21 g of the compound repre- The organic layer was washed with water and dehydrated
sented by the above formula (34) was used 1nstead of the with anhydrous sodium sulfate. After the desiccant was
compound represented by the above formula (14) in filtered off, the filtrate was concentrated. The residue was
Example 1. 5 purilied by silica gel column chromatography to obtain 4.25

'"H-NMR and '""F-NMR measurement of the obtained — & ?f Compound (W). |
Compound (V) was performed, and the structure was iden- H-NMR measurement of the obtained Compound (W)
tified by the following results. was performed, and the structure was identified by the

'H-NMR (acetone-Dy): & [ppm]=1.88 (4H), 2.54 (4H),  [ollowing results.
3.65-3.85 (12H), 3.85-4.10 (8H) 10 H-NMR (acetone-Dy): o [ppm]=1.88 (2H), 2.54 (2H),

I9F_NMR (acetone-D.): & [ppm]==51.99~-55.72 (9F),  >-47-3.80 (15H), 3.85-4.10 (8H)
_78.48 (2F), -80.66 (2F), —-89.16~-91.14 (18F)

Example 21

Example 20
By the method shown below, the compound represented

by the above formula (Y) (in the formula (Y ), m indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinafter, the compound represented by the above formula
(Y) 1s referred to as Compound (Y).

First, a compound represented by the following formula
(36) was synthesized using ethylene glycol tert-butyl ether

20 g of a fluoropolyether (number average molecular weight and allyl glycidyl ether. F}lrthermorej the epoxy COHlpO‘UIld
1000, molecular weight distribution 1.1) represented by the represented by the tollowing tormula (37) was synthesized

formula HOCH,CF,O0 (CF,CF,0),(CF,0)CF,CH,OH »; by. ox1dizing the compoungl rep{'esented by the formula (36)
(wherein h indicating an average degree of polymerization 1s using metachloroperbenzoic acid.

4.5 and 1 1indicating an average degree of polymerization 1s

4.5), 1.41 g of the compound represented by the above

formula (34), and 10 mL of t-butanol were charged and

stirred at room temperature until uniform. 30 (36)
To this homogeneous solution, 0.90 g of potassium tert-

O
butoxide was added, and the mixture was reacted at 70° C. \/\o/\[/\o/\/
for 8 hours. The obtained reaction product was cooled to 25°
C., neutralized with 0.5 mol/lL hydrochloric acid, and OH

15
By the method shown below, the compound represented

by the above formula (W) (in the formula (W), m indicating,
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.
Hereinatter, the compound represented by the formula (W) 2g
1s referred to as Compound (W).

In a 200 mL eggplant flask under a nitrogen atmosphere,

|Chemuical Formula 53]

extracted with Vertrel XF. The organic layer was washed 35 (37)
with water and dehydrated with anhydrous sodium sulfate. /\/O
After the desiccant was filtered off, the filtrate was concen- Cl)>/\ O/\[/\O \|/
trated, and the residue was purified by silica gel column OH
chromatography to obtain 7.19 g of a compound represented
by the following formula (35) as an intermediate.
|Chemical Formula 52
- (35)
\/}\/ c c
NC O O C C O O
S N NN N o j\c/\OH
) ) ks
In the formula (35), m indicating the average degree of Then, 4.51 g of Compound (Y) was obtained 1n the same
polymerization is 4.5, and n indicating the average degree of .. manner as in Example 20, except that 1.49 g of the com-
polymerization is 4.5. pound represented by the above formula (37) was used

instead of the compound represented by the above formula
(33) 1n Example 20.
"H-NMR measurement of the obtained Compound (Y)

In a 200 mL eggplant flask under a nitrogen gas atmo-
sphere, 5.71 g of the compound represented by the above

formula (35), 1.21 g of the compound represented by the was performed, and the structure was identified by the
above formula (33), and 50 mL of t-butanol were charged g following results.

and stirred at room temperature until uniform. "H-NMR (acetone-Dg): & [ppm]=1.88 (2H), 2.54 (2H),
To this homogeneous solution, 0.187 g of potassium 3.47-3.80 (19H), 3.85-4.10 (10H)

tert-butoxide was added, and the mixture was reacted at 70°

C. for 16 hours. The obtained reaction product was cooled Example 22
to 25° C., 20 g of a hydrogen chloride methanol solution was 65
added, and the mixture was reacted by stirring at 25° C. for By the method shown below, the compound represented

16 hours, then neutralized with a saturated aqueous sodium by the above formula (7) (in the formula (7)), m indicating
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the average degree of polymerization 1s 4.5 and n indicating,
the average degree of polymerization 1s 4.5) was obtained.
Hereinaiter, the compound represented by the formula (Z7) 1s
referred to as Compound (7).

Then, 5.11 g of Compound (7)) was obtained in the same
manner as 1n Example 11, except that 0.847 g of the
compound represented by the above formula (34) was used
instead of the compound represented by the above formula
(14) 1n Example 11.

"H-NMR measurement of the obtained Compound (Z)
was performed, and the structure was identified by the
tollowing results.

|Chemical Formula 55]

OMOM

10

OH
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formula (38), and 10 mL of t-butanol were charged and
stirred at room temperature until uniform.

To this homogeneous solution, 0.90 g of potassium tert-
butoxide was added, and the mixture was reacted at 70° C.
for 8 hours. The obtained reaction product was cooled to 25°
C., neutralized with 0.5 mol/LL hydrochloric acid, and
extracted with Vertrel XF. The organic layer was washed
with water and dehydrated with anhydrous sodium sulfate.
After the desiccant was filtered off, the filtrate was concen-
trated. The residue was purified by silica gel column chro-
matography to obtain 8.21 g of a compound represented by
the following formula (39) as an intermediate.

(39)

Fs Fs
> O\)\/O\)\/O ¢ ¢ © V
N7 o1 N7 c” o on
\ I I, ' \E /B

'"H-NMR (acetone-D,): & [ppm]=1.88 (2H), 2.54 (2H),
3.47-3.80(14H), 3.85-4.10 (12H), 5.10-5.25 (2H), 5.90 (1H)

Example 23

By the method shown below, the compound represented
by the above formula (AA) (in the formula (AA), m 1ndi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was

obtained. Hereinafter, the compound represented by the
formula (AA) 1s referred to as Compound (AA).

First, a compound represented by the following formula
(38) was synthesized by the method shown below. The
compound represented by the above formula (28) was
hydrolyzed, and the primary hydroxyl group of the obtained
compound was protected with a t-butyldimethylsilyl group.
Thereatter, the secondary hydroxyl group was protected
with a methoxymethyl group, and the t-butyldimethylsilyl
group was removed from the resulting compound. The
compound represented by the following formula (38) was
obtained by reacting epibromohydrin with the resulting

primary hydroxyl group.

|Chemical Formula 54|
(38)

{S\/\k/\o/\ﬁ\o/\qj
o

O

In a 200 mL eggplant flask under a nitrogen atmosphere,
20 g of a fluoropolyether (number average molecular weight
1000, molecular weight distribution 1.1) represented by
formula HOCH,CF,O(CF,CF,0),(CF,0).CF,CH,OH
(wherein h indicating an average degree of polymerization 1s
4.5 and 1 indicating an average degree of polymerization 1s
4.5), 3.02 g of the compound represented by the above
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In the formula (39), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.3.

In a 200 mL eggplant flask under a nitrogen gas atmo-
sphere, 6.51 g of the compound represented by the above
formula (39), 0.84°7 g of the compound represented by the
above formula (34), and 50 mL of t-butanol were charged
and stirred at room temperature until uniform.

To this homogeneous solution, 0.187 g of potassium
tert-butoxide was added, and the mixture was reacted at 70°
C. for 16 hours. The obtained reaction product was cooled
to 25° C., 20 g of a hydrogen chloride methanol solution was
added, and the mixture was reacted by stirring at 25° C. for
16 hours, then neutralized with a saturated aqueous sodium
hydrogen carbonate solution, and extracted with Vertrel XF.
The organic layer was washed with water and dehydrated
with anhydrous sodium sulfate. After the desiccant was
filtered off, the filtrate was concentrated. The residue was
purified by silica gel column chromatography to obtain 5.09
g of Compound (AA).

'H-NMR measurement of the obtained Compound (AA)

was performed, and the structure was identified by the
following results.

"H-NMR (acetone-D,): 8 [ppm]=1.88 (2H), 2.54 (2H),
3.05~3.10 (2H), 3.47-3.80 (16H), 3.85-4.10 (10H), 6.90-
6.94 (2H), 7.23-7.25 (1H)

Example 24

By the method shown below, the compound represented
by the above formula (AB) (in the formula (AB), m indi-
cating the average degree of polymerization 1s 4.5, and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AB) 1s referred to as Compound (AB).

First, the compound represented by the above formula
(40) was synthesized by the method shown below. The
compound represented by the above formula (34) was
hydrolyzed, and the primary hydroxyl group of the obtained
compound was protected with a t-butyldimethylsilyl group.
Thereatter, the secondary hydroxyl group was protected
with a methoxymethyl group, and the t-butyldimethylsilyl
group was removed from the resulting compound. The
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compound represented by the above formula (40) was
obtained by reacting epibromohydrin with the resulting
primary hydroxyl group.

Then, Compound (AB) was obtained in the same manner
as 1 Example 1, except that 11.4 g of the compound
represented by the above formula (40) was used instead of
the compound represented by the above formula (14) in
Example 1; the obtained reaction product was cooled to 25°
C.; 20 g of a hydrogen chloride methanol solution was
added; the mixture was reacted by stirring at 25° C. for 16
hours; and the mixture was neutralized with a saturated
aqueous sodium hydrogen carbonate solution.

"H-NMR measurement of the obtained Compound (AB)
was performed, and the structure was 1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=1.88 (4H), 2.54 (4H),
3.47-3.80 (20H), 3.85-4.10 (12H)

Example 25

By the method shown below, the compound represented
by the above formula (AC) (in the formula (AC), m indi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
above formula (AC) 1s referred to as Compound (AC).

Then, 4.81 g of Compound (AC) was obtained in the same
manner as in Example 20, except that 2.59 g of the epoxy
compound represented by the above formula (40) was used
instead of the compound represented by the above formula
(34) and Compound (41) was synthesized as an intermedi-
ate.

|Chemical Formula 56

OMOM OH
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"H-NMR (acetone-D,): 8 [ppm]=1.88 (2H), 2.54 (2H),
3.47-3.80 (23H), 3.85-4.10 (12H)

Example 27

By the method shown below, the compound represented
by the above formula (AE) (in the formula (AE), m 1ndi-
cating the average degree of polymerization 1s 4.5, and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AE) 1s referred to as Compound (AE).

Then, 5.21 g of Compound (AE) was obtained in the same
manner as in Example 11, except that 1.56 g of the com-
pound represented by the above formula (40) was used
instead of the compound represented by the above formula
(14) in Example 11.

"H-NMR measurement of the obtained Compound (AE)
was performed, and the structure was identified by the
following results.

"H-NMR (acetone-D,): & [ppm]=1.88 (2H), 2.54 (2H).
3.47-3.80 (18H), 3.85-4.10 (14H), 5.10-5.25 (2H), 5.90 (1H)

Example 28

By the method shown below, the compound represented
by the above formula (AF) (in the formula (AF), m 1ndi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AF) 1s referred to as Compound (AF).

Then, 5.41 g of Compound (AF) was obtained 1n the same
manner as 1 Example 23, except that 1.56 g of the com-

(41)

k> k>
NC O\/]\/O\)\/O C C O O
F, N F, g F,

In the formula (41), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

"H-NMR measurement of the obtained Compound (AC)
was performed, and the structure was 1dentified by the
tollowing results.

"H-NMR (acetone-D,):  [ppm]=1.88 (2H), 2.54 (2H),
3.47-3.80 (19H), 3.85-4.10 (10H)

Example 26

By the method shown below, the compound represented
by the above formula (AD) (in the formula (AD), m 1ndi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AD) 1s referred to as Compound (AD).

Then, 5.02 g of Compound (AD) was obtained 1n the same
manner as in Example 25, except that 1.49 g of the epoxy
compound represented by the above formula (37) was used
instead of the compound represented by the above formula
(33).

"H-NMR measurement of the obtained Compound (AD)
was performed, and the structure was i1dentified by the
tollowing results.

45

50

55

60

65

pound represented by the above formula (40) was used
instead of the compound represented by the above formula
(34) in Example 23.

"H-NMR measurement of the obtained Compound (AF)
was performed, and the structure was identified by the
following results.

'H-NMR (acetone-D,): & [ppm]=1.88 (2H), 2.54 (2H),
3.05-3.10(2H), 3.47-3.80 (20H), 3.85-4.10 (12H), 6.90-6.94
(2H), 7.23-7.25 (1H)

Example 29

By the method shown below, the compound represented
by the above formula (AG) (in the formula (AG), m 1ndi-
cating the average degree of polymerization 1s 4.5, and n

indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AG) 1s referred to as Compound (AG).

First, a compound represented by the following formula
(42) was synthesized using 3-hexen-1-ol, 3,4-dihydro-2H-
pyran and p-toluenesulfonic acid. Furthermore, the epoxy
compound represented by the following formula (43) was
synthesized by oxidizing the compound represented by the
formula (42) using metachloroperbenzoic acid.
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|Chemical Formula 57
(42)
N
NN N N
(43)
O

D\N\O O/

Then, 4.92 g of Compound (AG) was obtained in the same
manner as in Example 25, except that 1.20 g of the epoxy
compound represented by the above formula (43) was used
instead of the compound represented by the above formula
(33).

'"H-NMR measurement of the obtained Compound (AG)
was performed, and the structure was i1dentified by the
following results.

'"H-NMR (acetone-Dy): & [ppm]=1.40-1.60 (6H), 1.88
(2H), 2.54 (2H), 3.47-3.80 (16H), 3.85-4.10 (9H)

Example 30

By the method shown below, the compound represented
by the above formula (AH) (in the formula (AH), m indi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
tormula (AH) 1s referred to as Compound (AH).

Then, 4.45 g of Compound (AH) was obtained 1n the same
manner as in Example 20, except that 1.75 g of the epoxy
compound represented by the above formula (19) was used
instead of the compound represented by the above formula
(34) and Compound (44) was synthesized as an intermedi-
ate.

|Chemical Formula 58]

‘ X
N

In the formula (44), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

"H-NMR measurement of the obtained Compound (AH)
was performed, and the structure was 1dentified by the
tollowing results.

|Chemical Formula 59
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"H-NMR (acetone-D,): & [ppm]=3.47-3.80 (13H), 3.85-
4.43 (8H), 7.10 (1H), 7.26 (1H), 7.63 (2H)

Example 31

By the method shown below, the compound represented
by the above formula (AI) (in the formula (A), m indicating
the average degree of polymerization 1s 4.5 and n indicating
the average degree of polymerization 1s 4.5) was obtained.

Hereinafter, the compound represented by the above formula
(Al) 1s referred to as Compound (A).

First, the compound represented by the above formula
(45) was synthesized by the method shown below. A reaction
product of 2-cyanophenol and allyl glycidyl ether was

oxidized to synthesize a compound represented by the above
formula (45).

-

T'hen, Compound (A) was obtained in the same manner as
in Example 1, except that 11.0 g of the compound repre-
sented by the above formula (45) was used instead of the
compound represented by the above formula (14) 1n
Example 1.

"H-NMR measurement of the obtained Compound (Al)
was performed, and the structure was 1dentified by the
following results.

'H-NMR (acetone-D,): 8 [ppm]=3.47-3.80 (16H), 3.85-
4.43 (12H), 7.10 (2H), 7.26 (2H), 7.63 (4H)

Example 32

By the method shown below, the compound represented
by the above formula (AlJ) (in the formula (AJ), m indicating
the average degree of polymernization 1s 4.5, and n indicating
the average degree of polymerization 1s 4. 5) was obtained.
Heremafter, the compound represented by the formula (AJT)
1s referred to as Compound (Al).

(44)

CN OH
F, F,
/O O\/C\O C\C/O C/O C/\
k, k, k,
i ¥l

Then, 5.01 g of Compound (AlJ) was obtained 1n the same
manner as 1 Example 20, except that 2.49 g of the epoxy
compound represented by the above formula (45) was used
instead of the compound represented by the above formula
(34) and Compound (46) was synthesized as an itermedi-
ate.

(46)

OH OH
O\)\/O\)\/O 22 22 V V
X NNt N e o N
F, F, F,
iF H
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In the formula (46), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

'"H-NMR measurement of the obtained Compound (AJ)
was performed, and the structure was i1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=3.47-3.80 (17H), 3.85-
4.43 (10H), 7.10 (1H), 7.26 (1H), 7.63 (2H),

Example 33

By the method shown below, the compound represented
by the above formula (AK) (in the formula (AK), m 1ndi-

|Chemuical Formula 61 |

F

NC

cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
formula (AK) 1s referred to as Compound (AK).

First, the compound represented by the above formula
(4'7) was synthesized by the method shown below. A reaction
product of 3-cyanophenol and allyl glycidyl ether was
oxidized to synthesize a compound represented by the above
formula (47).

Then, 4.99 g of Compound (AK) was obtained 1n the same
manner as in Example 20, except that 2.49 g of the epoxy
compound represented by the above formula (47) was used
instead of the compound represented by the above formula
(34) and Compound (48) was synthesized as an intermedi-
ate.

|Chemical Formula 60]

N

In the formula (48), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

'"H-NMR measurement of the obtained Compound (AK)
was performed, and the structure was 1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=3.47-3.80 (17H), 3.85-
4.43 (10H), 7.28-7.34 (3H), 7.50 (1H)

Example 34

By the method shown below, the compound represented
by the above formula (AL) (in the formula (AL), m 1ndi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
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58

obtained. Hereinafter, the compound represented by the
formula (AL) 1s referred to as Compound (AL).

First, the compound represented by the above formula
(49) was synthesized by the method shown below. A reaction
product of 4-cyanophenol and allyl glycidyl ether was
oxidized to synthesize a compound represented by the above
formula (49).

Then, 4.89 g of Compound (AL) was obtained in the same
manner as 1 Example 20, except that 2.49 g of the epoxy
compound represented by the above formula (49) was used
instead of the compound represented by the above formula
(34) and Compound (50) was synthesized as an intermedi-
ate.

(50)

OH OH
\)\/ \)\/ F, F,
O O O C C O O
k> k> k>
b Fl

In the formula (50), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.3.

"H-NMR measurement of the obtained Compound (AL)

was performed, and the structure was identified by the

following results.

"H-NMR (acetone-D,): & [ppm]=3.47-3.80 (17H), 3.85-
4.43 (10H), 7.31 (2H), 7.49 (2H)

Example 35

By the method shown below, the compound represented
by the above formula (AM) (in the formula (AM), m

(48)

OH OH
\)\/ \)\/ F, F,
NC O O O C C O O
\/\/ \/ \“O \C -~ C -~ C /\OH
k> k> k>
hi H

indicating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the

formula (AM) 1s referred to as Compound (AM).

Then, 4.85 g of Compound (AM) was obtained in the
same manner as in Example 33, except that 1.49 g of the
epoxy compound represented by the above formula (37) was
used instead of the compound represented by the above

formula (33).

"H-NMR measurement of the obtained Compound (AM)

was performed, and the structure was identified by the
following results.

'H-NMR (acetone-D,): & [ppm]=3.47-3.80 (21H), 3.85-
4.43 (12H), 7.28-7.34 (3H), 7.50 (1H)
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Example 36

By the method shown below, the compound represented
by the above formula (AN) (in the formula (AN), m indi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
above formula (AN) i1s referred to as Compound (AN).

Then, 4.75 g of Compound (AN) was obtained in the same
manner as 1n Example 33, except that 0.847 g of the epoxy
compound represented by the above formula (34) was used
instead of the compound represented by the above formula
(33).

'H-NMR measurement of the obtained Compound (AN)
was performed, and the structure was 1dentified by the
following results.

"H-NMR (acetone-D,): [ppm]=1.88 (2H), 2.54 (2H).
3.47-3.80(14H), 3.85-4.43 (10H), 7.28-7.34 (3H), 7.50 (1H)

Example 37

By the method shown below, the compound represented
by the above formula (AO) (in the formula (AO), m 1ndi-
cating the average degree of polymerization 1s 4.5 and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
above formula (AQO) 1s referred to as Compound (AQO).

Then, 4.95 g of Compound (AQO) was obtained in the same
manner as in Example 33, except that 1.56 g of the epoxy
compound represented by the above formula (40) was used
instead of the compound represented by the above formula
(33).

"H-NMR measurement of the obtained Compound (AO)
was performed, and the structure was 1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=1.88 (2H), 2.54 (2H).
3.47-3.80 (18H), 3.85-4.43 (12H), 7.28-7.34 (3H), 7.50 (1H)

Example 38

By the method shown below, the compound represented
by the above formula (AP) (in the formula (AP), m indi-
cating the average degree of polymerization 1s 4.5, and n
indicating the average degree of polymerization 1s 4.5) was
obtained. Hereinafter, the compound represented by the
tormula (AP) 1s referred to as Compound (AP).

Then, 4.71 g of Compound (AP) was obtained 1n the same
manner as 1n Example 20, except that 1.56 g of the com-
pound represented by the above formula (40) was used
instead of the compound represented by the above formula
(33) in Example 20.

"H-NMR measurement of the obtained Compound (AP)
was performed, and the structure was i1dentified by the
following results.

"H-NMR (acetone-D,): & [ppm]=1.88 (4H), 2.54 (4H),
3.47-3.80 (16H), 3.85-4.43 (10H)

|Chemuical Formula 62]

HO/V\)\/V\G\KN )\/\
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Example 39

By the method shown below, a compound represented by
the above formula (AQ) (in the formula (AQ), m 1ndicating
the average degree of polymerization 1s 4.5) was obtained.
Heremnafter, the compound represented by the formula (AQ)
1s referred to as Compound (AQ).

Then, 4.68 g of Compound (AQ) was obtained in the same
manner as in Example 30 except that 20.5 g of a fluoropo-
lyether represented by HOCH,CF,CF,O(CF,CF,CF,
0),CF,CF,CH,H (where h 1s 4.5) was used, istead of a
fluoropolyether (number average molecular weight 1000,
molecular weight distribution 1.1) represented by
HOCH,CF,O(CF,CF,0), (CF,0)CF,CH,OH (wherein h
indicating an average polymerization degree 1s 4.5 and 1
indicating an average polymerization degree 1s 4.5) of
Example 30.

'"H-NMR and "F-NMR measurement of the obtained
Compound (AQ) was performed, and the structure was
identified by the following results.

"H-NMR (acetone-D,): 8 [ppm]=3.53-3.85 (17H), 3.89-
4.55 (10H), 7.28-7.34 (3H), 7.50 (1H)

F-NMR (acetone-D,): & [ppm]=-83.70 (18F), —86.55
(4F), -124.21 (4F), -129.73 (9F)

Example 40

The compound represented by the above formula (AR) (in
the formula (AR), m indicating the average degree of
polymerization 1s 7) was obtained by the method shown
below. Heremafter, the compound represented by the for-
mula (AR) 1s referred to as Compound (AR).

4.58 g of Compound (AQ) was obtained in the same
manner as 1n Example 30, except that 20.0 g of a fluoropo-
lyether  represented by  HOCH,CF,O(CF,CF,0),
CF,CH,OH (where h 1s 7) was used 1nstead of a fluoropo-
lyether (number average molecular weight 1000, molecular
weight distribution 1.1) represented by HOCH,CF,O
(CF,CF,0),(CF,0)CF,CH,OH (wherein h indicating an
average polymerization degree 1s 4.5 and 1 indicating an

average polymenzation degree 1s 4.5) of Example 30.

'H-NMR and '""F-NMR measurements of the obtained
Compound (AR) were performed, and the structure was
identified from the following results.

'H-NMR (acetone-D,): 8 [ppm]=3.50-3.85 (17H), 3.69-
4.43 (10H), 7.28-7.34 (3H), 7.50 (1H)

F-NMR (acetone-D,): & [ppm]=-78.57 (4F), —89.24~-
89.57 (28F)

Comparative Example 1

A compound represented by the following formula (S)
was synthesized by the method described 1n Patent Docu-
ment 1.

(S)

N

OH
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In the formula (S), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5.

Comparative Example 2 5

A compound represented by the following formula (1)
was synthesized by the method described 1n Patent Docu-

ment 2.
|Chemical Formula 63]
(1)
OH
\)\/ F2 F2
O O C C O O
NN NNt N o C/\ 5 -
‘ F, F, F,
F? H OH

N

In the formula (T), m indicating the average degree of
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.3.

: 25
Comparative Example 3
A compound represented by the following formula (U)
was synthesized by the method described 1n Patent Docu-
ment 3.
|Chemical Formula 64|
(U)
OH =4
\/J\/ C 5
O O C C O O
N N N N A S N 0 X
) ) )
iH H
S OH
In the formula (U), m indicating the average degree of TARI E 1-continued
polymerization 1s 4.5, and n indicating the average degree of
polymerization 1s 4.5. 45 Time Unil
The number average molecular weights of the obtained Coefficient
compounds of Examples 1 to 40 and Comparative Examples Number of Friction
1 to 3 were determined by the above-described 'H-NMR . .
_ average Film Sharply S1
measurement. The results are shown 1n Tables 1 and 2. | |
50 Com- molecular  thickness Increases  Adsorption
TARIE 1 pound weilght (A) (sec) amount
Time Until Example 10 (J) 1238 9.0 661 0.59
Coeflicient Example 11 (K) 1312 9.0 650 0.52
Number of Friction 55 | J
average im Sharply g Example 12 (L) 1252 9.0 649 0.64
Com- molecular  thickness Increases  Adsorption Example 13 (M) 1277 9.0 629 0.60
pound  weight (A) (sec) amount Example 14  (N) 1252 9.0 633 0.61
Example 1 (A) 1251 9.0 508 0.72 Example 15 (O) 1286 9.5 680 0.60
Example 2 (B) 1251 9.0 602 0.75 60 Example 16  (P) 1321 9.5 680 0.60
Example 3 (C) 1279 9.0 601 0.72 | |
Example 4 (D) 1329 9.0 624 0.70 Example 17 (Q) 1312 = 680 0.60
Example 5 (E) 1279 9.0 627 0.60 Example 18  (R) 1362 9.0 644 0.52
Example 6 (F) 1347 9.5 684 0.65 Comparative  (S) 1233 9.5 468 1.00
Example 7 (G) 1391 9.5 675 0.64
Example 8  (H) 1274 9.5 675 0.64 65 TIxamplel
Example 9 (D) 1308 9.5 687 0.60
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TABLE 2
Time Until
Coeflicient
Number of Friction
average Film Sharply S1
Com- molecular  thickness Increases  Adsorption
pound welght (A) (sec) amount
Example 19 (V) 1282 9.0 610 0.72
Example 20 (W) 1259 9.0 602 0.60
Example 21 (Y) 1333 9.0 651 0.51
Example 22 (Z) 1329 9.0 664 0.64
Example 23 (AA) 1399 9.0 689 0.69
Example 24  (AB) 1430 9.0 699 0.50
Example 25 (AC) 1333 9.0 605 0.54
Example 26  (AD) 1407 9.0 692 0.48
Example 27  (AE) 1403 9.0 705 0.58
Example 28  (AF) 1473 9.0 710 0.61
Example 29  (AG) 1329 9.0 620 0.68
Example 30  (AH) 1293 9.0 695 0.68
Example 31 (A 1498 9.0 782 0.59
Example 32 (Al) 1367 8.5 631 0.62
Example 33  (AK) 1365 8.5 635 0.65
Example 34  (AL) 1366 8.5 642 0.67
Example 35 (AM) 1441 8.5 669 0.55
Example 36  (AN) 1390 8.5 701 0.66
Example 37 (AO) 1464 8.5 727 0.55
Example 38  (AP) 1356 9.0 654 0.52
Example 39 (AQ) 1365 9.0 643 0.65
Example 40  (AR) 1365 9.0 672 0.70
Comparative (1) 1254 9.5 486 1.02
Example 2
Comparative  (U) 1300 9.5 492 1.10
Example 3

Next, a lubricant layer-forming solution was prepared by
using the compounds obtained in Examples 1 to 40 and
Comparative Examples 1 to 3 by the method described
below. Then, using the obtained lubricant layer-forming
solution, a lubricant layer of a magnetic recording medium
was formed by the following method, and magnetic record-
ing media of Examples 1 to 40 and Comparative Examples
1 to 3 were obtained.

“Lubricant Layer-Forming Solution™

The compounds obtained 1n Examples 1 to 40 and Com-
parative Examples 1 to 3 were each dissolved 1in Vertrel
(registered trademark) XF (trade name, manufactured by
Mitsui DuPont Fluoro Chemical Co., Ltd.), which 1s a
fluorine-based solvent, and diluted with Vertrel so that the
film thickness would be 8.5 A to 10 A when applied onto the
protective layer, and a lubricant layer-forming solution of
0.001 to 0.01% by mass was obtained.

“Magnetic Recording Media”

A magnetic recording medium in which an adhesion layer,
a soit magnetic layer, a first base layer, a second base layer,
a magnetic layer, and a protective layer were sequentially
provided on a 65 mm diameter substrate was prepared. The
protective layer was made of carbon.

The lubricant layer-forming solutions of Examples 1 to 40
and Comparative Examples 1 to 3 were applied by a dip
method on the protective layer of the magnetic recording
medium on which the layers up to the protective layer were
formed.

Thereafter, the magnetic recording medium coated with
the lubricant layer-forming solution was placed 1n a ther-
mostatic chamber at 120° C. and subjected to heat treatment
for 10 minutes. As a result, a lubricant layer was formed on
the protective layer to obtain a magnetic recording medium.

The film thicknesses of the lubricant layers of the
obtained magnetic recording media of Examples 1 to 40 and
Comparative Examples 1 to 3 were measured using F1-IR
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(trade name: Nicolet 1IS50, manufactured by Thermo Fisher
Scientific). The results are shown 1n Table 1.

Also, wear resistance tests and chemical substance resis-
tance tests were performed on the magnetic recording media
of Examples 1 to 40 and Comparative Examples 1 to 3 by
the methods described below. The results are shown 1n Table
1.

The film thickness of the lubricant layer was determined
based on the correlation between the FT-IR method and the
cllipsometry method. The main chain of the fluorine-con-
taining ether compound of the present embodiment 1s mainly
formed of C and F. Since the density of C—F 1n one
molecule 1s different for each type of the compounds, even
if the F'T-IR peak height 1s the same, the actual film thickness
may be different. Therefore, a disk having each film thick-
ness of 6 to 20 A (in increments of 2 A) was prepared, and
an increase 1n film thickness from the disk surface without
a lubricant was determined by using an ellipsometer. For
these discs, the peak height in C—F stretching vibration was
measured using FI-IR, and a correlation equation was
obtained from the obtained peak value and the ellipsometer
value. By using this correlation equation, the film thickness
of the lubricant layers can be easily obtained by the FI-IR
measurement.

(Wear Resistance Test)

Using a pin-on-disk type {iriction and wear tester, an
alumina ball having a diameter of 2 mm was used as a
contact and was slid on the lubricant layer of the magnetic
recording medium with a load of 40 gf at a shiding speed of
0.25 m/sec, to measure a coetlicient of friction of the surtface
of the lubricant layer. The sliding time until the coetlicient
of friction sharply increases was measured on the surface of
the lubricant layer. The sliding time until the coeflicient of
friction sharply increases was measured four times for the
lubricant layer of each magnetic recording medium, and an
average value (time) thereol was used as an 1ndicator of the
wear resistance of the lubricant coating film.

The time until the coetlicient of friction sharply increases
can be used as an indicator of the wear resistance of the
lubricant layer for the following reason. In the lubricant
layer of the magnetic recording medium, wear progresses
according to use of the magnetic recording medium. When
the lubricant layer disappears due to wear, the contact and
the protective layer are in direct contact with each other to
cause the coeflicient of friction to sharply increase.

As shown 1n Table 1, the magnetic recording media of
Examples 1 to 40 have a longer sliding time until the
coellicient of friction increases sharply than the magnetic
recording media of Comparative Examples 1 to 3, and have
good wear resistance.

It 1s presumed that this 1s because in the compound
represented by the formula (1) forming the lubricant layer in
the magnetic recording media of Examples 1 to 40, at least
one of R' and R” is an organic group having 1 to 8 carbon
atoms wherein one or more hydrogen atoms of the organic
group is substituted with a cyano group, and R* and R* are
divalent linkage groups having a polar group.

(Chemical Resistance Test)

The following evaluation method was used to examine the
contamination of magnetic recording media with environ-
mental substances that generate contaminants 1 a high
temperature environment. In the following evaluation
method, Si 1ons were used as the environmental substance,
and the amount of S1 adsorption was measured as the amount
of contaminants that contaminate the magnetic recording
medium and that were generated by the environmental
substance.
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Specifically, the magnetic recording medium to be evalu-
ated was held for 240 hours in the presence of a siloxane-
based Si rubber 1mn a high-temperature environment at a
temperature of 85° C. and a humidity of 0%. Next, the
amount of Si adsorption existing on the surface of the
magnetic recording medium was analyzed and measured
using secondary 1on mass spectrometry (SIMS), and the
degree of contamination by Si 1ons was evaluated based on
the amount of S1 adsorption. The S1 adsorption amount was
evaluated using numerical values when the result of Com-
parative Example 1 was set to 1.00.

From Table 1, 1t 1s clear that the magnetic recording media
of Examples 1 to 40 have a smaller amount of S1 adsorption
than the magnetic recording media of Comparative
Examples 1 to 3, and are not easily contaminated by
environmental substances in a high temperature environ-

ment.

DESCRIPTION/EXPLANATION OF

REFERENCES
10 . . . Magnetic recording medium,
11 . . . Substrate,
12 . . . Adhesion layer,
13 . . . Soft magnetic layer,
14 . . . First base layer,
15 . . . Second base layer,
16 . . . Magnetic layer,
17 . . . Protective layer,
18 . . . Lubricant layer.

The 1nvention claimed 1s:
1. A fluorine-contaiming ether compound represented by
the following formula (1),

R!—R* CH,—R*>CH,—R* R (1)

wherein in the formula (1), R® is a perfluoropolyether
chain; R® and R* are divalent linkage groups repre-
sented by the following formula (2-1) and may be the
same or different; R' and R° are terminal groups
bonded to R” or R4 and may be the same or different;
and at least one of R' and R” is an organic group havmg
1 to 8 carbon atoms wherein one or more hydrogen
atoms of the organic group 1s substituted with a cyano

group,

(X

wherein 1n the formula (2-1), a represents an integer of 1
to 3, X represents an oxygen atom or CH,, and two X
may be the same or different.

2. The fluorine-containing ether compound according to

claim 1, wherein the organic group 1s a phenyl group or an
alkyl group having 1 to 5 carbon atoms.

CH,CH(OH)CH,),—X (2-1)
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3. The fluorine-containing ether compound according to
claim 1, wherein a 1n the formula (2-1) 1s 1 or 2, and each
X 1s an oxygen atom.

4. The fluorinated ether compound according to claim 1,
wherein R” in the formula (1) is any one of the following

formulas (3) to (5),

— CF,0—{CF,CF,0)—(CF,0) ,CF,— (3)

wherein ¢ and d in the formula (3) represent an average
degree of polymerization and each represents 0 to 20,
and ¢ or d 1s 0.1 or more;

— CF(CF3)—{(OCF(CF;)CF,) —OCF(CF;)— (4)

wherein 1 formula (4), e represents an average degree of
polymerization and represents 0.1 to 20; and

—CF,CF,—(OCF,CF,CF,) —OCF,CF,— (5)

wherein in the formula (5) f represents an average degree
of polymerization and represents 0.1 to 20.

5. The fluorine-containing ether compound according to
claim 1, wherein R' and R” in the formula (1) are the same,
and R* and R* are the same.

6. The fluorine-containing ether compound according to
claim 5, wherein R' and R in the formula (1) are alkyl
groups having 1 to 5 carbon atoms wherein the alkyl groups
are substituted with at least one cyano group.

7. The fluorine-containing ether compound according to
claim 1, wherein R' and R” in the formula (1) are different,
and one of R' and R” is a phenyl group substituted with at
least one cyano group or an alkyl group having 1 to 5 carbon
atoms substituted with at least one cyano group, and the
other of R' and R” is an organic group having at least one
selected from the group consisting of an aromatic ring, a
heterocyclic ring, an alkenyl group, an alkynyl group and a
hydroxy group.

8. The fluorine-containing ether compound according to
claim 1, wherein a number average molecular weight 1s 1n
the range of 500 to 10,000.

9. A lubricant for magnetic recording media, comprising
the fluorine-containing ether compound according to claim
1.

10. A magnetic recording medium in which at least a
magnetic layer, a protective layer, and a lubricant layer are
sequentially provided on a substrate, wherein the lubricant
layer contains the fluorine-containing ether compound
according to claim 1.

11. The magnetic recording medium according to claim
10, wherein an average {ilm thickness of the lubricant layer
1s 0.5 nm to 2 nm.
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